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This thesis is concerned with the synthesis of fully conjugated, presumably planar 
tribenzo eight-membered ring compounds. Some essential theories and the previous 
work in this area are first introduced. The synthesis of l,l,14,14-tetramethyl-10,ll-
methano-l//-benzo[5,6]cycloocta[l,2,3,4-^/]fluorene (76)，10,11-methano-1//-
benzo[5,6]cycloocta[l,2,3,4-^/|fluorene-l,14-dione (84)，5,6-didehydro-l,l,14,14-
tetramethyl-10ai-methano-l//-benzo[5,6]cycloocta[l,2,3,4-^/Ifluorene (48) and 
5，6-didehydro-10，ll-methano-l//-benzo[5，6]cycloocta[l，2，3，4-&/]fluorene-l，14-
dione (49) were realized by bromination-dehydrobromination reactions of the 
corresponding polycyclic hydrocarbon 50 and 81, which in turn were obtained from 
diol 5 1 and diester 52，respectively by acid-catalyzed cyclization. The 
tribenzo[a,c,e]cyclooctene skeleton was constructed by Diels-Alder reaction of highly 
reactive didehydrodibenzo[a,e]cyclooctatetraene (38) with 2,5-dimethylfuran. For 
large scale preparation purpose, the modification of the synthesis of the key intermediate 
dibenzo[a,^]cyclcx)ctene (4) was made‘ 
The investigations of the structures of 76, 84，48 and 49 revealed that they all 




The most outstanding example of aromatic compounds is benzene, which shows 
the unusual stability and tends to undergo substitution rather than addition reactions. 
Attempts to explain this behavior have provided one of most fruitful area for the 
interaction of theory and experiment known to organic chemistry, and this interaction 
continues to the present day.1 One of the major achievements in the application of 
quantum mechanics to large molecules, carried out by Hiickel,2 was to provide not only 
an explanation for the stability of benzene but to predict whether or not other molecules 
would be similarly stabilized. 
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Figure 1-1, Hiickel Molecular Orbital Diagram of Planar 4c, 6c and 8丌 System 
According to HiickeFs rule，monocyclic fully-conjugated polyene will be aromatic 
only if it possesses a closed shell of (4n+2) k electrons. On the other hand, a cyclic 
conjugated polyene will be nonaromatic，or even antiaromatic, if it possesses an open 
shell of n electrons in nonbonding molecular obitals (NBMO) (Figure 1-1). 
Hiickel，s molecular orbital theory (HMO) is based on a large number of assumptions, 
and it is therefore only applicable to alternate system. In fact, this rule have explained a 
series of cyclic polyenes in which both (4w+2) % and 4n k systems were mentioned 
(Figure I-2).3-10 Cyclooctatetraene (COT) (1) is an exception. It shows properties of a 
polyene and bear no resemblance whatsoever to benzene. Due to its nonplanarity,11"13 
1 is not a good example of a tu system. 
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Figure 1-2. Some (4n +2) n and An n Systems 
1-2. Evidence for Aromaticity 
The term of “aromaticity，’ and hence "aromatic properties" have become very 
controversial. There are at present many experimental as well as theoretical methods14 
to determine the aromaticity of various compounds. So far, the most useful and easiest 
method is proton nuclear magnetic resonance (NMR) spectroscopy and we shall restrict 
ourselves throughout this thesis to discussing "aromaticity" in terms of NMR results. 
NMR Spectroscopy is a useful technique, because ring current can be observed 
thereby. This concept was first suggested by Pauling15 who proposed the existence of 
induced tt-electron ring current due to the delocalization of 7i-electrons in order to 
account for a large anisotropy in the observed diamagnetic susceptibility of benzene. 
This model was later formulated in quantum mechanical terms by London.16 In 1956, 
Pople17 realized the importance of this induced ring current effect in determining the 
proton chemical shifts in the NMR spectra of aromatic molecules, thus providing a 
theoretical basis for both diamagnetic anisotropy and NMR chemical shift phenomena. 
2 
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Figure 1-3. Regions of Shielding and Deshielding around Benzene 
This benzene model, in which the tc electrons precess in the molecular orbital over 
the ring, has subsequently been used to explain the deshielding of the aromatic protons 
in its NMR spectrum. The circulation will generate a diamagnetic ring current which 
extends over the six carbon atoms. This diamagnetic ring current will induce a magnetic 
field ff which tends to oppose the applied field H° (the lines of force are shown in 
Figure 1-3). It is apparent that the resulting field inside the ring is H^-H^ which leads 
to an upfield shift for the inner protons in the NMR spectra; while a downfield shift for 
the protons outside the ring will occur where the resulting field is 
Waugh and Fessenden1^ used a model in which the ^-electrons are assumed to be 
in two identical shells above and below the ring plane, and McWeeny19 has developed a 
modified ring current model in order to calculate the magnitude of induced ring currents. 
Most workers20 '21 have accepted the concept of ring currents, and aromatic 
compounds have therefore been defined as compounds which are able to sustain and 
induce diamagnetic ring current under the influence of an externally applied field. 
When the NMR data of various annulenes are examined, one important feature 
about certain 4n n systems stands out, this is that the protons inside the ring 
3 ' 
demonstrate chemical shifts at a lower field than the protons outside the ring. This 
observation is in striking contrast to the (4n+2) n systems. It has been shown4'22"26 
that the An n systems are capable of sustaining induced paramagnetic ring currents. The 
consequence of this is to counterbalance the diamagnetic ring currents, thus resulting in 
the deshielding of inner protons and shielding of the outer protons. Molecules showing 
this effect are conveniently named paratropic compounds or antiaromatic compounds.1 
1-3. Source and Theories of Paramagnetic Ring Current 
In a planar An n system, if one considers that the nonbonding molecular obitals are 
not degenerate, it is possible to estimate the variation of the resulting highest occupied 
molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) to be 
functions of cos na and sin na，25 where a is the angular distance surrounding the ring 
and P is probability character. It is true that the HOMO varies as cos na. One electron 
excitation from cos na to sin na will be governed by Equation 1-1，provided that the 
energy gap between the HOMO and LUMO is very small. If the integral is not equal to 
zero, the excitation will cause a magnetic moment perpendicular to the ring. This 
magnetic moment will result in a large paramagnetic contribution to the ring current, so 
that the net current will flow in the opposite direction, overwhelming the diamagnetic 
ring current. The deviation from degeneracy for NBMO is not unexpected, since a 
number of perturbations (e.g., the pseudo Jahn-Teller effect22，23，26，27 and the bond 
alternation effect24) can both give rise to the splitting effectively. 
P = Jcos na d /da sin na da Equation 1-1 
By using a fully conjugated planar monocarbocyclic polyene with alternating bond 
lengths as a model, Pople and Untch22，23 were able to derive an equation which 
summarizes the relations between the induced ring current, the number of k electrons 
and the ratio of the resonance integrals in annelenes (Equation 1-2). 
I = A M COt (tc/M) f M (X) Equation 1-2 
4 
This equation is characterized by various terms: I is the magnitude of the induced 
ring current, A is the effective area of the polyene, \ is the ratio of the resonance 
integrals (its deviation from unity is a measure of the degree of bond alternation), and 
fM(X) is a reduced susceptibility function. If I/A is plotted against X，a diagram 
containing important information will be obtained (Figure I-4).22'23 
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Figure 1-4 
A careful examination of the diagram shows that for all degree of bond alternation, 
there is a negative contribution (thus, a diamagnetic ring current) to the susceptibility if 
M=(4n+2) and there is a positive contribution (thus, a paramagnetic ring current) to the 
susceptibility if M=4n. Moreover, for rings with M=4n, the paramagnetic contribution 
would increase as X, decreases. It has been widely accepted that the paramagnetic ring 
current will be large if the energy difference between HOMO and LUMO is small,24 
5 
being closely associated with bond alternation,24 the orbital degeneracy will be 
reinstated when X=0 and infinite paramagnetism is predicted by Equation 1-2 under such 
circumstances. However, this is unlikely to take place because even in the absence of a 
magnetic field, the bond length will still alter in order to remove the orbital 
degeneracy22'23 as a result of the pseudo Jahn-Teller effect.26'27 
1-4. Nonplanar Structure of Cyclooctatetraene (COT) (1) 
The structure of cyclooctatetraene (COT) (1) is best represented by the “tub，，or 
“boat，，conformation which belongs to D2d symmetry point group.11-13 Such a 
formulation will be strainless, and the adjacent n bonds will not be able to overlap 
effectively since they are at right angle to each other. Cyclooctatetraene (1) is therefore 
a normal cyclic polyene with no electron delocalization among its double bonds. 
However, the nonplanarity of cyclooctatetraene (1) is not only due to the geometrical 
strain in the planar conformation, the perhaps less obvious factor being attributable to 
the pseudo Jahn-Teller effect.26，27 This effect can be envisaged qualitatively by 
considering the simple HMO of COT. In theory, a planar cyclooctatetraene (1) 
molecule should possess two degenerate NBMO to which two electrons are assigned. 
The four possible ways of doing so will give four degenerate spin orbitals, i.e. T, Sa， 
Sb and Sc (Figure 1-5). 
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Figure 1-5. Degenerate Orbitals of COT 
If the effect of electronic repulsion is taken into consideration, the states will be 
split (Figure 1-6). Sa and Sb will mix to give two hybrid spin orbitals l/2(Sa+Sb) and 
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Figure 1-6 
l/2(Sa-Sb)in addition to T and Sc. The combination of these spin orbitals are still 
irreducible representation of the molecular point group, and they are therefore also 
proper molecular orbitals. It is thus possible to assign the spin orbitals of Sa and Sb to 
the two nonbonding molecular orbitals and (figure 1-7) while the shortening and 
lengthening of the carbon-carbon bonds are considered. 
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Figure 1-7 
The presumably planar cyclooctatetraene (1) is subject to an antiaromatic carbon-
carbon stretching mode (Figure 1-8)，the effect of which will be to lengthen the C^-
‘ 7 ‘ 
C2U+1 bonds and to shorten the C ^ ] - C2u bonds. 
〇 
Figure 1-8 
This results in the Sa being stabilized and Sb being destabilized. The mixing of 
l/2(Sa+Sb) with l/2(Sa-Sb) would then lower the energy content of the former, so that 
if finally lies under the lowest triplet states T. The presumably planar cyclooctatetraene 
(1) will therefore assume a rectangular structure with alternate short and long bonds in 
which its ground state is a closed shell singlet S v in the absence of degeneracy. The 
secondary effect due to geometrical strain will hence cause cyclooctatetraene (1) to fold 
out of its molecular plane into the stable “tub” or “boat” structure, to which the preferred 
C=C-C bonds angle of 120° can be ascribed. 
1-5. Fully Conjugated Planar Eight-membered Ring Compounds 
In order to make COT planar, considerable research effort has been made to 
manipulate the orbital degeneracy, which causes the aforementioned Jahn-Teller 
distortions. This can be achieved either electronically by adding or subtracting electrons 
from the conjugated systems, or structurally by altering some of the bond lengths. 
The electrochemical behavior of cyclooctatetraene (1) and of related compounds, 
as well as the ESR spectra of the radical anions have been discussed by various research 
groups.28-36 These radical anions and their corresponding dianions have been proved 
to be planar by experimental methods, as well as by theoretical calculations. 
8 ' 
1 2 3 
The cyclooctatetraenyl dianion (3) was most conveniently generated by treatment 
of solutions of cyclooctatetraene (1) in ether, tetrahydrofaran or liquid ammonia with 
alkali metals. The reduction of cyclooctatetraene (1)，being two one-electron 
processes, give first the radical anion 2 and then the dianion 3. The ESR spectrum of 
2，28 as well as the electronic38 and NMR spectra39 of 3, indicate these ions to be 
planar. Though the NMR spectrum of 3 shows a singlet at 8 5.7 (the normal region for 
olefinic protons), this could be attributed to the effect of two excess electrons40"42 
which balances the deshielding effect of the diamagnetic ring current sustained by a 10 兀 
system. A simple HMO model of 3 shows that the two nonbonding molecular orbitals 
of cyclooctatetraene (1) are filled by the two extra electrons, which results in the 
removal of the degeneracy and give rise to a planar molecule sustaining diatropic 
properties. Moreover, the ESR spectrum43 of a solution of the anion 2 and 3 suggests 
that a rapid electron exchange process occurs between them. This leads to the 
conclusion that 2 and 3 are of similar geometries; i. e” that 3 is also planar. 
The radical anion of dibenzo[a,e]cyclooctene (4) and the dianion of 4 have been 
reported.44 There has been controversy in the literature about the structure of the radical 
/ 
anion 4^. Katz and coworkers44 stated that it is possible for 4^ to have a similar 
geometry to that of 4= for which a planar structure was favored since it exhibits a 
substantial diamagnetic ring current in the NMR spectrum. On the other hand, 
Carrington and coworkers45 found that the ESR spectrum of the radical anion of 
tetraphenylene (5) agreed excellently with the values calculated for a nonplanar 
conformation, and therefore assumed that the addition of one electron to 4 to gave 4 s 
would not be expected to produce any great change in its geometry. Their assumption 
is supported by the good agreement between the ESR data and calculated results based 






It is clear that it would be difficult for 5^ and 5 = to be planar, due to the 
nonbonded hydrogen-hydrogen interactions that would result. Indeed, 5"* has been 
shown to be nonplanar45 and 5 = has not yet been reported. 
Bicyclo[6.2.0]deca-l,3,5,7-tetraene dianion (6)46，47 and its related dianion 7 4 7 
were generated by Staley and coworkers. Both 6 and 7 show diamagnetic ring current 
effects, despite the shielding by the extra electrons. This leads to the conclusion that 
they both contain one fully conjugated planar eight-membered ring. 
& o © 
6 7 
In contrast to the abundance of examples of planar dianions and radical anions of 
COT derivatives, very few examples of dicationic COT derivatives are known. Olah 
and Paquette48 have successfully prepared and characterized by XH and 13C NMR 
spectrometry the first cyclooctatetraene dication, namely the 1,3,5,7-tetramethyl 
derivative 8. The result confirmed the planarity of 8，which is expected as a result of 
the removal of two electrons from the nonbonding molecular orbitals of the parent 
1,3,5,7-tetramethylcyclooctatetraene. Later, they were successful49 in preparing other 
dications 9 and 10. All these dications were prepared by oxidation of the 
. 10 ' 
dications 9 and 10. All these dications were prepared by oxidation of the 
corresponding neutral hydrocarbon with SbF5 in S02C1F at -7S°C and were 
characterized by as well as 13C NMR parameters. They are undoubtedly planar 
aromatic carbocations. 
^ 0 0 0 - ^ 
©OH 
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An interesting tricationic cyclooctatetraene derivative 11 has been prepared by 
Rabinovitz and his c o w o r k e r s , � 
The planarity of cyclooctatetraene (l)was also achieved by the complexation of its 
dianions with metal cations. Cyclopentadienylcyclooctatetraenyltitanium (12) was 
prepared by reaction of K2C8H8 with either C5H5TiCl3, (C5H5；)2TiCl2’ or a mixture of 
TiCl4 and C5H5Na in THF or toluene.51 The X-ray diffraction study has shown that 
the cyclooctatetraene ligand in 12 to be 冗-bonded to the metal. The Ti atom is 
sandwiched between the cyclooctatetraene and cyclopentadiene group, which are both 
planar within the experimental error. 
12 13 
. 11 ' 
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In other endeavor52, 13 and 14 have been prepared, of which the COT units were 
characterized to be planar by X-ray crystallography. 
On the other hand, several COT actinide complexes such as Th(COT)2, 
NP(COT) 2 , Pu(COT)2, Pa(COT)2 as well as other organometallic 兀-complexes have 
been known to contain planar COT ligands.53 
Derivatives of COT have been forced to coplanarity when the COT unit is 
annulated to three-, four- and five-membered rings.54"58 The reason of this is three 
fold, viz. (i) when small ring is introduced to a theoretically symmetric planar COT, the 
symmetry of the molecule would be diminished and hence the degeneracy of the 
NBMOs would disappear. The result of this artificial bond alternation would relieve the 
molecule from suffering the pseudo Jahn-Teller effect, thus the molecule would become 
planar, (ii) the strain exerted by the annulated small ring would contribute to the 
flattening of the COT molecule, (iii) rigid planarity of the dimethylidenecyclopropane 
unit and the dimethylidenecyclobutane unit may play an important role to force the COT 
planar. 
¢¢)0 c ^ 
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Recently, 155 4 and 165 5 have been synthesized and shown unequivocally to be 
planar by X-ray crystallographic results. 
. 1 2 
With the aid of MINDO/3 calculations,56 simple three-membered ring fused 
COT's 17 and 18 have been suggested to be planar. 
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The interesting perfluoro compound 19 has also been proved57 to be planar by 
X-ray method. Nonetheless, the planarity of the molecule would not be sustained when 
the fluorines are replaced by other functional groups. 
On the other hand, cyclobutane-fused COT's are not expected to be planar. 
However, cyclobutene annulated COT's stand a greater chance to become planar 
because they are bridged l(k systems and the strain exerted by a cyclobutene ring is 
stronger than that by a cyclobutane ring. The X-ray crystallographic study of 20 
demonstrated that this molecule is essentially planar.58 
The works of Wilcox, Jr.59，60 and Rabinovitz50’61 have proved that when the 4 
and 5 positions of dibenzo[a,c]cyclooctene (21) are connected or linked by a methylene 
group, respectively (i. e. 22 and 23)，the annulated eight-membered ring would be 
flattened. It is therefore not surprising to note that compounds 22, 23 and 24 all 
contain fused planar fully-conjugated eight-membered carbocycles. 
21 22 23 24 
. 13 ' 
When one or two of the olefinic bonds in COT are replaced by acetylenic bonds, 
the joint effect of the molecular strain and the release of degeneracy also render COT 
planar. The elegant work of Krebs^2 provided the first example of these intriguing 
molecules, namely didehydrocyclooctatetraene ( 2 5 ) . By treatment of 
bromocyclooctatetraene (26) with potassium rm-butoxide, he showed that 
didehydrocyclooctatetraene (25) appeared to be an intermediate, which can be trapped 
with various reagents. It is impossible to prove that 25 is planar (e.g., by means of X-
ray crystallographic methods) because 25 was not actually isolated. However, it is 
conceivable that the effect of bond alternation caused by the triple bond in 25 will help 
to split the degenerate nonbonding molecular orbitals of the theoretically planar 
cyclooctatetraene. Owing to this effect, the molecule will not suffer the bond stretching 
distortion due to the pseudo Jahn-Teller effect. Substance 25 is therefore also expected 
to be planar. 
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1-6. Stabilization of Cyclooctynes 
Attempts to generate cycloalkynes have been recorded since 1874.63-65 This kind 
of compounds are of interest because their stability depends on the number (n) of 
carbon atoms in the ring. Rings with n > 7 are stable, whereas rings with n < 7 are 
capable of only transitory existence.66"68 Cyclooctyne (27) is an isolable compound69, 
but cycloheptyne (28)，cyclohexyne (29) and cyclopentyne (30) cannot be isolated.70 
However, the intermediate occurrence of 28, 29 and 30 can be proven unequivocally 
by several methods. Experimental evidence for cyclobutyne (31) and cyclopropyne 
. 14 ' 
(32) has not been published yet.71 In the ensuing discussion, only eight-membered 
cycloalkyne will be considered. 
O O 0' o •丨 a 
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The first isolation of cyclooctyne (27) was achieved by Domnin.72 The structure 
of 27 was confirmed by Blomquest and Liu,69 who generated it by oxidation of the 
bishydrazone 33 with mercuric oxide. Wittig73 and Meyer74 have both generated 27 
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In the absence of trapping reagents the main reaction of cyclooctyne (27)，as well 
as other angle strained cycloalkynes, is oligomerization. Depending on different 
starting materials and reaction conditions, the dimerization and/or trimerization are the 
two most likely reactions."2,75 
The oligomerization can be prevented in some cycloalkyne derivatives, as well as 
in cyclooctyne (27)，by introduction of four methyl groups in the a-positions. The 
influence of the a-methyl groups on stability has been investigated in detail in the 
silacycloheptyne system. Here the unsubstituted 34 7 6 and the a-methyl substituted 
1 5 
35 7 7 compounds are not isolable, while the silacycloheptynes having two or more 
methyl groups in the a-position are isolable.77'78 Thus, an increasing number of 
methyl groups in the a-position of the triple bond leads, as expected, to increasing 
kinetic stability. 
>Q >(\ >0' 
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Introduction of additional unsaturation in cyclooctyne (27) leads to increasing 
ring strain and reactivity depending on the relative position and the number of the 
double bonds as is shown below.79^^ 
〇| o o o o o 
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The 1,2-didehydrocyclooctatetraene (25) is not isolable, but has a half life of 
about 12 minutes in a 5xl0"2 molar solution at 25"€.81 
. 1 6 
The role of fused benzene rings in stabilizing unstable systems have been 
increasingly understood In the benzoannulated cyclooctynes two opposing effects on 
stability are to be expected. Annulation of an benzene ring should increase ring strain as 
does introduction of an additional double bond. On the other hand, the size of the 
benzene ring should, like a bulky substituent, impede oligomerization reactions and 
thereby kinetically stabilize the angle strained molecules.71 
The first dehydrobenzocyclooctene (36) was generated and trapped by Barton.82 
The isolation was achieved by Wong and Sondheimer.83 Compound 36 was isolated 
as a yellow oil and decomposed very rapidly even at CTC. Its instability seriously 
hindered efforts to obtain proof that the eight-membered ring in 36 is indeed completely 
coplanar.83 
oo oo CO- ob 
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The later report84 shows that compound 37 only exists as a transient intermediate, 
which can be trapped by diphenylisobenzofuran (DEB). 
The steric effect of one annulated benzene ring seems not sufficient to provide 
significant kinetic stabilization，particularly if the triple bond is not in an adjacent 
position as in 36 and 37. 
Didehydrodibenzo[a^]cyclooctene (38) was prepared by Wong and 
Sondheimer，85 upon treatment of 5,6-dibromodihydrcxiibenzo[fl^]cyclcxx:tene (39) 
with potassium r^t-butoxide. This compound decomposed upon rapid heating at about 
859C on attempted melting point determination. Even at room temperature, its life-time 
. 17 ' 
is only a few minutes. The 屯 NMR spectrum shows a single signal of olefmic protons 
at 8 5.45, 1.26 ppm up-field shift to the nonplanar homologous 4，which reflects the 
paratropic contribution to the ring cuirent in the fully conjugated eight-membered ring. 




An interesting feature in this series, as well as in the corresponding unsubstituted 
1,5-cyclooctadiyne (40) and l-cycloocten-5-yne (41) and mono-benzoannulated 
compounds 36 and 37 is the higher kinetic stability of the diynes 40，36 and 42 
compared to the enynes 41, 37 and 38 respectively. This is probably due to the larger 
deformation of the angles of the triple bond in 42 as compared to 38.8 5 
O 〇j cc» 
40 41 42 
In solid state, 42 could be kept at room temperature for two days without 
protection from light or air, although some decomposition was observed. The relative 
high field benzenoid proton NMR chemical shift of the diacetylene 42 can be found at 5 
6.80，indicating a shielding effect, which can be attributed to the induced paramagnetic 
ring current arising from the presumably planar eight-membered ring.85 13C NMR 
spectrum shows the acetylenic carbon signal at 8 109.3，19.8 ppm downfield as 
compared with diphenylacetylene. This chemical shift of the sp carbon seems to reflect 
its ring strain, which can be explained as a consequence of the changing in hybridization 
of the acetylenic carbons in the angle strained eight-membered ring. The X-ray 
18 
crystallographic studies of 42 concludes the substantial planarity of conjugated eight-
membered ring, in which the average value of the angles of the acetylenic carbon atoms 
is 155.8°, showing a 24°deviation from the classical carbon-carbon triple bonds. 
Assuming that benzoannulation would stabilize fully-conjugated eight-membered 
acetylenes, 9,10-didehydrotribenzo[a,c^]cyclooctene (46) was designed and an 
attempt to synthesize this molecule was carried out. Thus, dehydrobromination of 
dibromide 43 with an excess of potassium m-butoxide afforded a secondary product 
9-f-butoxytribenzo[a,c^]cyclooctene (44) together with its hydrolysis remnant 
tribenzo[a,c,e]cycloocten-9(10//)-one (45 ) after careful hydrolysis and 
chromatographic separation, and no sign of the expected 46 was observed.87 When the 
dehydrobromination was performed in the presence of diphenylisobenzofuran (DEB), 
edoxide 47 was isolated, which indicated that 46 only existed as a transient 
intermediate, and it should therefore be less stable than 38. 
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1-7. The aim of present work 
As mentioned above, a possible way to modify cyclooctatetraene (1) so as to 
make it planar is to replace one or more of the double bonds by an acetylene. The 
resulting bond alternation will help to split the nonbonding molecular orbitals. Such 
orbital arrangement will reduce the pseudo Jahn-Teller effect, as well as to include a 
strained sp-sp hybrid bond which is expected to contribute structurally to the planaiity 
of a fully conjugated eight-membered ring. On the other hand, the acetylenic bond will 
contribute to the overall molecular instability due to the angle strain. This planar 
molecule seems to be stabilized by annulation with benzene rings, the influence of 
which will be depending on numbers of benzene groups. According to these facts, 
9,10-didehydrotribenzo[fl,c^]cyclooctene (46) have been designed and prepared. In 
reality，46 only exists as a transient intermediate at room temperature. Even at -60^, 
46 have a half-life of about thirty minutes in dichloromethane solution88 and exists as a 
nonplanar molecule as substantiated by ESR analysis.89 The important conclusion of 
these studies is that the peri hydrogen-hydrogen repulsion in the theoretically coplanar 
structure of 46 should be responsible for its instability as well as its nonplanar structure 
(Figure 1-9). 
Figure 1-9. The Stereo Repulsion of Peri Protons 
in a Theoretically Planar Structure of 46 
In the present work, we reason that the structurally related 5,6-didehydro-
1，1,14,14-tetramethy 1-10,11 -methano- l//-benzo[5,6]cycloocta[l ,2,3,4-^/]fluorene 
(48) and 5，6-didehydro-10,11 -methano-l//-benzo[5，6]cycloocta[1,2,3,4-^/]fluorene-
1,14-dione (49) with the detrimental peri hydrogens removed, might sustain some 
20 
degree of stability. In addition, the four methyl groups in the former molecule can act 
as the probe for its planarity in the NMR analysis. Thus, the synthesis of 48 and 49 
would provide stable molecules for further investigation of the planar fully-conjugated 
eight-membered ring compounds. As a fully-conjugated 7c-system, 49 and its 
derivatives are expected to display intriguing electrical properties and might therefore 
quality as candidates for organic conductors.90 
_ _ 
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II. RESULTS AND DISCUSSION 
II- l . Synthesis of 5,6-Didehydro-l, l ,14,14-tetramethyl-10,ll-methano-
li^-benzo[5,6]cycloocta[l ,2,3,4-^/]fluorene (48) 
Our synthesis of 5,6-didehydro-l, 1,14,14-tetramethyl-10,11-methano-l//-
benzo[5,6]cycloocta[l,2,3,4-^/]fluorene (48) was elaborated from commercially 
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The triple bond in 48 can be realized from compound 50 by radical bromination 
with iV-bromosucciaimide (NBS), and is followed by dehydrobromination with 
potassium rm-butoxide. The polycyclic compound 50 can be prepared from the acid 
‘ 22 ‘ 
catalyzed cyclization of diol 51, which in turn can be generated from diester 52 by 
treatment with methyllithium.91，92 Diester 52 can be synthesized by functional group 
transformations from the dimethyl compound 54，91,92’93 which can be constructed by a 
Diels-Alder reaction between 5,6-didehydrodibenzo[^,e]cyclooctene (38) and 2,5-
dimethylfuran.92'93 The unstable alkyne 38 is generated from 4 by bromination-
didehydrobromination procedure.91 The preparation of dibenzo[a^]cyclooctene (4) is 
achieved by photoisomerization of 9,10-dihydro-9,10-ethenoanthracene (59), under 
irradiation of a medium pressure mercury lamp.94 The key compound 59 has been 
synthesized by several methods, in which anthracene (55) is used as a starting material. 
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The Diels-Alder reactions of anthracene (55) with different dienophiles to 
construct a 9,10-dihydro-9,10-ethenoanthracene skeleton have been widely investigated 
since 1952. Maleic anhydride (56) reacted with anthracene (55) in boiling toluene to 
give an adduct 57 as colorless crystals in 92% yield.95 The lU NMR spectrum showed 
resonance signals at 5 3.51-3.52 (t, 2 H , / = 1.6 Hz), 4.82-4.84 (t, 2H，/= 1.6 Hz), 
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7.18-7.22 (m, 4H), 7.32-7.44 (AA'BB\ 4H, J = 3.0，5.7 Hz); mass spectrum 
displayed M+ at m/z 276. The anhydride 57 was subjected to hydrolysis by sodium 
hydroxide in a boiling solution of 40% aqueous methanol95 to give 96% yield of 9,10-
dihydro-9,10-ethanoanthracene-ll,12-dicarboxylic acid (58) as colorless crystals. The 
l H NMR spectrum of 58 showed signals at 5 3.49-3.50 (t, 2H, J = 1.6 Hz), 4.81 (s, 
2H), 7.17-7.21 (m, 4H)，7.31-7.40 (AA'BB\ 4H, / = 3 . 3 , 5.5 Hz). The structure of 
58 was supported by showing M+ at m/z 294 in its mass spectrum. The oxidative 
bisdecarboxylation of diacid 58 with lead tetraacetate and oxygen in pyridine95 provided 
the key intermediate 9,10-dihydro-9,10-ethenoanthracene (59) in only 19% yield after 
careful column chromatography. The structure of 59 was based on its mass spectrum, 
which exhibited M+ at m/z 204, and the l R NMR spectrum which showed absorptions 
at 6 5.10-5.11 (t, 2H, J = 3.0，3.0 Hz), 6.91-7.27 (AA'BB\ 8H，J = 3.2, 5.3 Hz), 
6.97-7.00 (dd，2H, J= 3.1，5.3 Hz). The 13C NMR spectrum was in good agreement 
with this structure, showing the signals at 5 51,15, 122.82, 124.22, 139.17 and 
146.08，respectively. 
As a dienophile, dimethyl acetylenedicarboxylate (60) also underwent a Diels-
Alder reaction with anthracene (55) . 9 6 Thus, a mixture of anthracene (55) and 
dimethyl acetylenedicarboxylate (60) in toluene was heated to reflux for five hours 
under nitrogen to give the adduct, namely dimethyl 9’ 10-dihydro-9，10-ethenoanthracene 
-11,12-dicaboxylate (61) as white solids in 79% yield. The l l l NMR (60 MHz) of 61 
showed two singlets at 5 3.75 (6H), 5.49 (2H), and a multiplet at 7.01-7.34 (8H); the 
mass spectrum displayed a M+ at mfz 320. Diester 61 was hydrolyzed by treatment 
with sodium hydroxide in boiling aqueous methanol.96 9,10-Dihydro-9,10-
ethenoanthracene- 11,12-dicaboxylic acid (62) was obtained as colorless crystals in 
92% yield. The ! H NMR spectrum of 62 in CD3SOCD3 showed signals at 5 5.61 (s, 
2H), 6.99-7.04 (m, 4H), and 7.41-7.45 (m, 4H); the mass spectrum exhibited M+ at 
m/z 292. 
Reductive bisdecarboxylation of diacid 629 6 was accomplished by refluxing the 
24 
mixture of 62 and copper powder in quinoline for two hours, affording in 61% yield 
,10-ethenoanthracene (59). 
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Paquette and his coworkers reported the preparation of 59 in higher yield by using 
acetylene synthons rrfln1y-l-benzenesulfonyl-2-(trimethylsilyl) ethylene (63) 9 7 and 
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In other publications, 1,2-dichloroethylenes were used as dienophiles." The 
Diels-Alder reaction of d5-l,2-dichloroethylene and anthracene gave excellent yield of 
the adduct, which could be dechlorinated by sodium in isopropanol to give 59. 
However, the reaction of trans-1,2-dichloroethylene (65) gave only a mixture of trans-
11,12-dichloro-9,10-dihydro-9,10-ethanoanthracene (66) and unreacted anthracene 
(55) under similar conditions. 
As starting material, a large amount of 59 was required in the synthesis of our 
target molecules 48 and 49. It is therefore clear that an optimized synthetic method 
must be developed for a large scale preparation of 59. Thus, our efforts in this stage 
were concentrated on the investigation of the reaction between anthracene (55) and 
的ns-1,2-dichloroethylene (65) due to their much lower prices. 
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After some experimentation, we found that the Diels-Alder reaction could be 
accomplished by heating a mixture of 65 and 55 at 24CTC for three days in an autoclave. 
26 
The inner pressure was kept at 15 bar. After recovering the excess 65，the crude 
product was recrystalHzed from absolute ethanol and chloroform, and then decolorized 
with charcoal to give 76% yield of trans-11,12-dichloro-9,10-dihydro-9,10-
ethanoanthracene (66) as slightly yellow crystals. The ! H NMR spectrum showed 
resonances at 5 4.15 (d, 2H, / = 1.3 Hz), 4.36 (s，2H), 7.10-7.33 (m, 8H); mass 
spectrum revealed M+ at m/z 274. This reaction could be carried out for 0.1-0.2 mole 
scale preparation. 
Dichloride 66 was subjected to dechlorination with sodium in boiling 1-butanol" 
to give 93% yield of 9,10-dihydro-9,10-ethenoanthracene (59) and a trace amount of 
9,10-dihydro-9,10-ethanoanthracene (67) (5%). The structure of 67 was established 
by its mass spectrum, which showed M+ at m/z 206 and its ! H NMR spectrum, which 
showed signals at 8 1.69-1.70 (t, 4H, J =1.2，1.2 Hz) 4.31 (partially resolved triplet, 
2H), 7.06-7.25 (AA'BB', 8H，/= 3.3，5.5 Hz), respectively. The 13C NMR spectrum 
of 67 also supported its structure, showing signals at 8 26.77, 44.21，123.25, 125.55 
and 143.89. 
Photoinduced isomerization of 59 in tetrahydrofuran for 24 hours at room 
temperature94 gave dibenzo[a,^]cyclooctene (4) as colorless crystals in 73% yield. The 
l U NMR spectrum of 4 showed a singlet for the olefinic protons at 5 6.74 (4H) and a 
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Bromination of dibenzo[a,^]cyclooctene (4) with one molar equivalent of bromine 
at 09C100’101 gave 85% yield of the 7,8-dibromo-dihydrodibenzo[a^]cyclooctene (39) 
as slightly yellow crystals. The structure of dibromide 39 was established by these 
spectral data. Thus, the NMR spectrum of 39 exhibited resonance signals at 5 5.83 
(s，2H), 6.99-7.17 (m, 10H) and the mass spectrum showed M+ at m/z 362 (two 
bromine pattern). This structure was also substantiated by the 13C NMR spectrum, 
which showed absorptions at 5 61.64，127.70, 127.77, 128.43, 129.41，133.37， 
135.11 and 138.35，respectively. 
With 39 in hand, the next step was to construct the tribenzo[a,c,^]cyclooctene 
skeleton. A literature survey revealed that even the synthesis of the parent 
tribenzo[<3,c,e]cyclooctene was not a trivial maneuver. Although this molecule has been 
known for more than 48 years,102 its practical preparation has not be established until 
the Diels-Alder reactions of the strained alkyne 38 with furan derivatives were reported 
in 1980.87 Of a number of 2,5-disubstituted-furans, only 2,5-dimethylfuran (68) 
underwent successful cyclo-addition with 38.9 3 
Scheme YH 





In practice, a solution of 39 in tetrahydrofuran was treated with a solution of 
potassium tert-butoxidt in tetrahydrofuran at room temperature for two minutes under 
\ 28 ‘ 
nitrogen atmosphere. The didehydrobromination expectedly gave acetylene 38 as 
yellow crystals after column chromatography on neutral grade in alumina eluting with 
hexanes.85 Acetylene 38 was unstable even at room temperature, and would 
decompose in a few minutes. This instability more or less hindered the subsequent 
Diels-Alder reaction with 2,5-dimethylfuran (68). This problem was eventually 
overcome by combining two reactions in one pot. Thus, treatment of acetylene 38 
(generated in situ) with 68 at room temperature for 24 hours under nitrogen93 gave 55% 
(based on dibromide 39) of 1,4-dimethyl-1,4-endoxo-1,4-dihydrotribenzo[a,c,e]-
cyclooctene (69) as slightly yellow crystals. The structure elucidation of 69 was 
accomplished utilizing l R NMR spectrometry, whose result showed two singlets at 5 
1.66 (6H) for the methyl protons, 6.69 (4H) for the olefinic protons, and two multiplets 
at 6.71-6.75 (m, 2H) and 7.06-7.24 (8H) for the olefinic and benzenoid protons. 
Further proof of this structure came also from its mass spectrum which showed M+ at 
mil 298. 
Deoxygenation of endoxides with various oxygenophiles has been reported.93 Of 
all these reducing reagents examined, the low-valent-titanium species emerged as the 
reagent of choice in terms of mildness, simplicity in execution, and product yield.103 
The condition for the deoxygenation of most endoxides required a molar ratio endoxide : 
titanium(IV) chloride : lithium aluminum hydride : triethylamine to be 1 : 7 : 2.5 : 25. 
The use of a large excess of triethylamine was to ensure a nonacidic reaction medium. 
The reduction of titanium(IV) chloride with approximately 0.3-0.35 molar equivalent of 
lithium aluminum hydride presumably generated some forms of Ti(II), as suggested by 
the black color of the reaction mixture. The process of the deoxygenation reaction with 
the low-valent-titanium reagent is likely to involve Ti(II) species, which cleave the 
carbon-oxygen bond of the endoxide to form a Ti(IH) radical complex. Double-bond 
migration and reduction of Ti(HI) to Ti(H) radical followed by loss of titanium (II) oxide 
would yield an aromatic system.92 
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According to this procedure, the deoxygenation of 69 was carried out with low-
valent titanium reagent generated in situ by reduction of titanium(IV) chloride with 
lithium aluminum hydride in triethylamine and tetrahydrofuran.92'93 The reaction 
proceeded in boiling tetrahydrofuran for 24 hours under nitrogen to give 1,4-
dimethyltribenzo[fl,c,^]cyclooctene (54) as colorless crystals in 78% yield. The 
NMR spectrum exhibited singlets at 5 1.95 (6H), 6.74 (2H) for the methyl and olefinic 
protons, and a multiplet at 8 7.03-7.55 (10H) for the benzenoid protons; the mass 
spectrum demonstrated M+ at m/z 282. 
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Recently，Jung and K o r e e d a ^ reported an one-step deoxygenation method for 
1,4-endoxides with trimethylsilyl iodide, generated m situ by reaction of trimethylsilyl 
chloride and sodium iodide in acetonitrile. This reaction proceeded smoothly at room 
temperature and three molar equivalents of trimethylsilyl chloride and sodium iodide 
W e r e u s e d f o r e a c h m o r c o f ^doxide. Of a number of endoxides investigated, both one 
or more benzoannulated endoxides and the endoxides with stericaHy hindered groups at 
the peri position could be converted to the corresponding benzene derivatives in excellent 
yields. The mechanism of this reaction presumably involves initial ether bridge opening 
with trimethylsilyl iodide, and is followed by Lewis acid (trimethylsilyl iodide) 
promoted aromatization, expelling hexamethyl disHoxane and iodine.104 This procedure 
has been applied to the deoxygenation of 69. Thus, 69 was treated with trimethylsilyl 
chloride and anhydrous sodium iodide in acetonitrile at room temperature for three hours 
under nitrogen atmosphere to give 67% yield of 54. This method proceeded under mild 
condition and was easy to operate. Although lower yield was given, it is suitable for a 
large scale preparation. 
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Bromination of 54 has been investigated.93 Treatment of 54 with N-
bromosuccinimide (NBS) in carbon tetrachloride at for ten hours provided a 
mixture of dibromide 70 and monobromide 71. In the presence of dibenzoyl peroxide, 
NBS converted 54 into a mixture of dibromide 70 and tribromide 72. The dibenzoyl 
peroxide-promoted reaction proceeded in carbon tetrachloride at 8 0 ^ for five hours 
under nitrogen. After careful separation by column chromatography on silica gel, 1,4-
bis(bromomethyl)tribenzo[a,c,e]cyclooctene (70) was obtained as slightly yellow 
palms in 70% yield. The l l l NMR spectrum of 70 showed signals at 5 3.91-4.24 
. 31 ' 
(A5q，4H, J = 9.9 Hz), 6.68 (s, 2H), 6.96-7.18 (m, 8H), 7.39 (s, 2H). The mass 
spectrum displayed M+ at m/z 438 (two-bromine pattern). Further proof of this 
structure was provided by a 13C NMR spectrum which showed absorptions at 5 32.03， 
126.53，127.26, 127.38, 128.55, 130.14，132.74，135.65, 137.65 (x2), 141.97. 
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Methoxylation of dibromide 70 was achieved by treatment of 70 with sodium 
methoxide in boiling methanol for four hours9 2 '9 3 to give 84% yield of 1,4-
bis(methoxymethyl)tribenzo[fl,c^]cyclooctene (53) as colorless crystals. The structure 
of 53 was established by its NMR spectrum which showed a signal at 5 3.05 (6H) 
as a singlet, corresponding to the protons on the methoxy groups. The mass spectrum 
revealed M+ at m/z 342. 
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The mixture of dibromide 70 and tribromide 72, obtained from the in dibenzoyl 
peroxide initiated NBS bromination of 54，was difficult to separate thoroughly by 
column chromatography.92'93 So an one pot synthesis was attempted. The mixture of 
70 and 72 was used in the following methoxylation step using the aforementioned 
conditions. TLC indicated the appearance of the major product 1,4-
bis(methoxymethyl)tribenzo[^,c^]cyclooctene (53) and a less polar compound. The 
reaction mixture was therefore chromatographed on a silica gel column, using diethyl 
ether and hexanes (1/5) as eluent, providing 14% yield of l-dibromo-4-
methoxymethyltribenzo[a,c,^]cyclooctene (73) and 67% yield of 1,4-
bis(methoxymethyl)tribenzo[a,c^]cyclooctene (53) respectively. 
Ruthenium(VIII) oxide was introduced as an organic oxidant in 1953.105 Since 
that time its utility for a variety of oxidative transformations has been recognized.106 
The expensive price of ruthenium metal provided an incentive for the development of 
catalytic procedures, the most popular of which involves the use of periodate and 
hyperchlorite as stoichiometric oxidants. In the presence of carboxylic acid, however, 
very slow and/or incomplete reactions were observed. Later publications showed that 
lower valent ruthenium carboxylate complexes might be responsible for the loss of 
catalytic activity due to its insolubility in the reaction solvent. This problem could be 
overcome by addition of acetonitrile to the solvent system. As an example, benzyl ethers 
were oxidized to benzoic esters successfully in such CCI4/CH3 CN/H20 system.�7 
This method was utilized for the preparation of diester 52. Noteworthy in this 
case was the necessity to reduce 53 to 74 prior to oxidation. Otherwise, oxidative ring 
cleavage at the olefinic bond in 53 took place upon treatment with the ruthenium(III) 
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A solution of diester 53 in ethyl acetate was hydrogenated in a PaiT hydrogenator 
(under 25 lb/in2 pressure) at room temperature for ten hours, using 10% palladium on 
charcoal as catalyst. l,4-Bis(methoxymethyl)-9,10-dihydrotribenzo[fl,c^]cyclooctene 
(74) was provided in 85% yield as colorless crystals: mp 102-105°¾ !H NMR 8 2.76 
(s，4H), 3.25 (s, 6H), 4.06-4.28 (ABq, 4H，/= 12 Hz), 6.89-7.03 (m, 8H), 7.58 (s, 
2H); 13C NMR 5 33.07，58.16, 72.62，125.38, 127.20, 127.36, 128.93，129.29, 
134.94，139.47 (x2) and 141.18. Additional evidence for the identification of 74 was 
provided in a low-resolution mass spectrum, showing M+ at m/z 344. 
Oxidation of 74 to diester 52 was performed in the presence of 2.2% molar 
equivalent of ruthenium(III) chloride hydrate and sodium periodate in a mixture of 
carbon tetrachloride, acetonitrile and water with vigorously stirring at room temperature 
for eight hours. Diester 52 was obtained as colorless crystals in 46% yield. The ^ 
NMR spectrum of 52 showed signals at 5 2.88-2.99 (AA'BB\ 4H, J = 4.5, 6.5 Hz), 
3.54 (s, 6H), 6.73-6.77 (dd, 2H, / = 1.1，7.3 Hz), 6.92-7.08 (m, 6H) and 7.87 (s, 
2H). The 13C NMR spectrum showed signals at 5 33.16 (t), 52.02 (t), 125.46 (d), 
127.67 (d), 128.09 (d) (x2), 129.08 (d), 134.08 (s), 139.28 (s), 139.69 (s), 143.25 
(s), and 168.16 (s). The structure of 52 was further established by the absence of the 
absorption at 5 3,80 (ABq, 4H, / = 12 Hz) in 74 for the methoxy protons and the 
. 34 ' 
appearance of a signal in the 13C NMR spectrum of 52 at 5 168.16 (s) ppm, belonging 
to the carbonyl carbons. The mass spectrum displayed M+ at mlz 372. 
The crude product from the hydrogenation of 53 was used in the following 
oxidation step without further purification. The total yield of 52 was 41% yield based 
on 53. 
With 52 in hand, we were left with the simple task of the conversion of 52 to 
polycyclic compound 50 via diol 51. Experimentally，the treatment of diester 52 with 
1.2M of an ethereal solution of methyllithium in tetrahydrofuran gave the crude diol 51, 
which was directly used in the following reaction without further purification. 
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The cyclization of 51 is a convenient method for the preparation of 50. The 
reaction is catalyzed by different acids. Among these acids the reagent of choice was 
90% sulfuric acid, which was used as both catalyst and solvent, since side reactions 
were minimized with this procedure.91 Thus, the cyclization of 51 was carried out in 
90% sulfuric acid at 0尤 for three hours. After column chromatography on silica gel 
(eluted with hexanes), 5,6-dihydro-1,1,14,14-tetramethy 1-10,11 -methano-1//-
benzo[5,6] cycloocta[l,2,3,4-<ie/]fluorene (50) was obtained as colorless crystals in 
57% yield. The structure of 50 was established by its l H NMR spectrum, which 
� 35 
showed signals at 5 1.52 (s, 6H, methyl), 1.54 (s, 6H, methyl), 2.87- 2.92 (d, 2 H , / = 
11.3 Hz, methylenic), 3.32-3.46 (d, 2 H , / = 11.3 Hz, methylenic), 7.13-7.16 (dd, 2H, 
J = L 0 ， 1 A Hz，H4j), 7.22-7.28 (t，2H，/= 7.4’ 7.4 Hz, H3 8)，7.35-7.38 (dd, 2H, 
/ = 1.0，7.4 Hz, H 2 9)，7.48 (s, 2H, H 1 2 1 3 ) . The mass spectrum of 50 showed M+ at 
m l z 3 3 6 . T h e 1 3 c NMR spectrum of 50 was in good agreement with this structure, 
which showed absorptions at 5 27.70 (q)’ 28.84 (q), 37.95 (t), 45.63 (s), 120.10 (d), 
121.14 (d), 126.48 (d), 127.08 (d), 133.71 (s), 138.67 (s), 140.92 (s), 154.57 (s), and 
155.40 (s). 
After compound 50 was obtained, the acetylenic bond in the angle strained 5，6-
didehydro-l，l，14，144etramethyl-10’ll-methano-l//-benzo[5，6]cycloocta[l，2，3’4-
^/Jfluorene (48) was introduced by means of the bromination-dehydrobromination 
procedure. A literature survey revealed that the introduction of bromo group on 50 was 
not trivial.91 Indeed, due to the rigidity of 50，the ethano bridge cannot become 
coplanar with the benzene rings, therefore the ethano bridge is particularly difficult to 
functionalize.108 Variable-temperature NMR study showed that the energy barrier for 
free rotation of the bridge was approximately 20 kcal/mol at 410¾.91 It was therefore 
important to perform the bromination at a temperature close to 410¾. The simplest way 
to do so, is to look for a proper solvent, of which the boiling point is close to 410¾. 
After some experimentation, it was eventually discovered that reaction with an excess of 
NBS and a catalytic amount of benzoyl peroxide in boiling chlorobenzene was able to 
transform 50 into a mixture of bromides. 
Dehydrobromination of the bromides mixture 75 with potassium /m-butoxide in 
tetrahydrofuran at room temperature for ten minutes, followed by preparative thin layer 
chromatography with hexanes provided 18% yield of a mixture of 1,1,14,14-
tetramethyl-10,11 -methano-li/-benzo[5,6]cycloocta[ 1,2,3,4-^/]fluorene (76) and 5,6-
didehydro-1，1,14,14-tetramethyl-10,11-methano- l//-benzo[5,6]cycloocta[l ,2,3,4-
^/Ifluorene (48). The mass spectrum showed two peaks at mlz 332 (M+), 334 (M+) 
in a ratio of 88:12. This mixture could not be separated by column chromatography, by 
preparative thin layer chromatography, as well as by high performance liquid 
chromatography using normal stationary phases due to the highly structural similarity of 
. 36 
7 6 ^ 4 S ' ^ o n l y structural difference of 76 and 48 is the olefinic bond and the 
acetylenic bond, which possess distinct complexation abilities with various metal 
cations. Such difference of complexation ability might be applied in the separation of 76 
and 48. After several unsuccessful trials, it was discovered that silica gel impregnated 
with silver nitrate is an efficient stationary phase. Indeed, column chromatography of 
the reaction mixture on silica gel impregnated with silver nitrate, eluted with hexanes and 
ethyl acetate (5/1) and then with ethyl acetate, gave pure 1，1，14，14-tetramethy 1-10,1 
methano-l//-benzo[5,6]cycloocta[l,2,3,4-^/]fluorene (76) and pure 5’6-didehydro-
l，l’14，14-tetramethyl-10，ll-methano-l//-benzo[54]cycloocta[l，2，3’4-&/]fluorene 
(48) in 2% and 15% yield, respectively. 
Scheme XV 
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Olefin 76 was isolated as slightly yellow crystals: mp 215-217 (lit91 2 1 5 - 2 1 7 ^ 
MS m/z 334 (M+). The ^B. NMR spectrum of 76 showed absorption signals at 5 1.41 
(s, 12H, methyl), 5.91 (s, 2H, H5 6), 6.81-6.85 (dd, 2H’ / = 1.5，7.5 Hz, H4 7)，7.02-
7.08 (t, 2H, J = 7.5, 7.5 Hz, H3 8)，7.11-7.15 (dd, 2H, J = 1.5，7.5 Hz, H 2 9) and 
7.19 (s, 2H, H12’13); the 13C NMR spectrum of 76 showed absorptions at 6 27.81 (q) 
‘ 37 
(x2)，44.96 (s), 122.95 (d), 123.12 (d), 127.92 (d), 131.39 (d), 132.86 (s), 134.78 
(d)，135.35 (s), 137.36 (s)，154.67 (s) and 155.94 (s). 
compd. solvents 5 (ppm) 
0 ^ ^ 0 6.74a 
4 
o2o
 CDCl3 674b 





^ ^ ^ ^ ^ CDCI3 5.91a 
76 
^ ^ ^ CDCI3 5.84a 
84 
References: a. This work; b. Huang, N. Z. Chem. Ind. (London) 1981， 
364-365; Xing, Y. D.; Huang, N. Z.J. Org. Chem.l9S2, 47, 140-142; 
c. Wong, H. N. C•； Garratt, P. J.; Sondheimer, F. J. Am. Chem. Soc. 
1 9 7 4 , 96, 5604-5605; Wong, H. N. C•； Sondheimer, F. Tetrahedron 
1 9 8 1 , 5 7 ^ 7 ) , 99-109. 
Table II-1. Chemical Shifts of The Olefmic Protons in Some Cyclooctenes 
Compound 76 is very stable both in solid state and in solution. It presumably 
contains a coplanar fully-conjugated eight-membered ring, whose presence can be 
reflected in a paratropic contribution to the ring current, resulting in an up-field shift of 
the olefinic proton resonances in its ! H NMR spectrum (5 5.91), as compared to those 
. 38 
of the atropic dibenzo and tribenzocyclooctenes. The chemical shifts of the olefinic 
protons in these compounds, together with that of 76，are shown in Table II-1. 
Furthennore, appearance of only one singlet for the four methyl groups both in the 
proton and the carbon-13 NMR spectrum of 76，also led us to the conclusion that 
compound 76 should possess a coplanar structure so that all methyl groups are 
equivalent. 
The chemical shifts of the sp2 carbons were determined by a 2-D l H- l 3 C COSY 
NMR experiment, from which absorption signals at 5 131.39 was assigned to the 
olefinic carbons, and 5 122,95, 123.12, 127.92 and 134.78 were assigned to C12 13, 
C2’9，C3，8 and C4 7 respectively. 
2D U C - ' H COSY 
4 r~f 7 
CDCl , 
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Figure H-2. 2-D ^ - ^ C COSY Spectrum of 76 
A single-crystal X-ray diffraction study confirmed the coplanar structure of 76. 
(Figure II-3) The structural determination also revealed that there are two 
crystallographically independent molecules in the asymmetric unit (Figure II-3). The 
structure of these two independent molecules are similar to each other. Comparing with 
the standard carbon-carbon double bond [1.34(1) A], the olefinic bond in 76 [1.34(1)人 
, 39 ‘‘ 
in molecule I and 1.332(9) in melecule II] is exactly equal to it. Also of structural 
interest is the bent olefmic angle of 76. As expected, these angles in molecules I and II 
are similar, showing the value of 139.5°. The dihedral angles between the eight-
membered ring and the three annulated benzene rings are 2(1)°, 2(1)°, and 4(1)0 for I, 
3(1)°, 1(1)。，and 1(1)0 for II respectively. Except for the double bond, the other 
corresponding C-C bond lengths of the eight-membered ring are very close to one 
another, as shown in Figure II-4. 。輸 續 
z 權 顯 
Figure II-3. Stereoview of the Crystal Structure of Olefin 76 
Figure II-4. Perspective View of Olefin 76 
Acetylene 48 was obtained as slightly yellow crystals: mp 203-205°€; the high 
resolution mass spectrum showed its accurate mass at m/z 332.1566 (M+) calcd. for 
. 40 
C26H20 332.1565. Acetylene 48 is very stable and no apparent decomposition was 
detected (by proton NMR spectrometry and thin layer chromatography on silica gel) after 
standing for several days at room temperature without protection from light or air. The 
l R spectrum showed absorptions at 5 1.42 (s, 12H, methyl), 6.71-6.75 (dd，2H, 
J = L3，7.5 Hz，H4，7)，6.97-7.06 (t, 2 H , / = 7 . 5 , 7.5 Hz, H3 8)，7.12-7.16 (dd, 2H, 
/ = 1.3, 7.5 Hz, H 2 9)’ 7.24 (s, 2H，H1213). The 13C NMR spectrum showed 
absorptions at 8 27.54 (q) (x2), 45.36 (s), 108.38 (s), 119.62 (s), 123.15 (d), 123.75 
(d)’ 124.02 (d), 127.61 (d), 135.41 (s), 148.88 (s), 154.37 (s) and 156.32 ppm (s). It 
is therefore clear that acetylene 48 should possess a coplanar structure belonging to the 
c2v P o i n t POUP because all methyl protons showed only one signals in the proton NMR 
spectrum. The appearance of only 12 signals and the fact that all the four methyl 
carbons showed only one absorption signal at 5 27.54 in the 13C NMR spectrum of 48 
further confirmed its C2v geometry. The paratropic character of 48 was reflected by an 
up-field shift of the benzenoid protons in the ! H NMR spectrum of 48, as compared 
with 76 and 50 (Table H-2). 
, , § (ppm) 
compd. solvent 
H4,7 ^3,8 H2,9 H12,13 
1J 12 ' 1—^―^― 
2 ^ u r t 9 r n 
3 O C 3 0 8 C D C l 3 7.13-7.16 7.22-7.28 7.35-7.38 7.47 
4 5 6 7 
50 
13 12 
i j L / y ^ L s CDC13 6.80-6.86 7.00-7.10 7.12-7.16 7.19 
76 
13 12 
Z l ^ ^ ^ ^ S 9 C D C l 3 6 . 7 1 - 6 . 7 5 6 . 9 7 _ 7 . � 6 7.10-7.15 7.24 
48 
Table II-2. Chemical Shifts of The Benzennoid Protons in Cyclooctatetraenes 
. 4 1 ' 
Of particular interest is the down-field shift of the acetylenic C5 and C6 absorption 
(5 108.38 ppm) as compared with the chemical shifts of other ordinary linear sp-
hybridized alkynes (Table E-3). A possible explanation for this phenomenon might be 
attributable to the hybridization change due to the angle-strained feature of 48. The 
electronic spectrum of 48 was complex and resembled those of related fully-conjugated 
coplanar cycloalkynes, showing absorptions at X.max (n-hexane) 233 (log e 4.11), 271 
(4.70)，278.5 (4.86), 298 (3.86)，328 (3.74)，339 (3.90), 353 (3.93)，359 (3.86), 381 
(3.14). 
compd. solvents 5 (ppm) 
Me3C — -CMe3 CC14 8 7 7 a 
( ^ 1 CC14 97.6 b 
^ ^ ^ ^ CDC13 108.4C 
48 
VOf 
| Q f j Q ] DMF-d7/70°C 108c 
49 
OQO
 cci4 io85d 
38 
0C0 cck mjd 
42 
CDCI3 109.8a 
References: a. Krebs, A.; Kimling, H. Liebigs Ann. Chem. 1974 , 2074-
2085; b. Krebs, A.; Wilke, J. Top. Curr. Chem.l9S3,109, 189-233.; c. 
This work; d. Wong, H. N. C.; Garratt, P. J.; Sondheimer, F. J. Am. 
Chem. Soc. 1 9 7 4 , 96, 5604-5605; Wong, H. N. C.; Sondheimer, F. 
Tetrahedron 19 81, 37(S1 j, 99-109. 
Table II-3. Chemical Shifts of Acetylenic Carbons in Some Alkyns 
4 2 ‘ 
A single-crystal X-ray diffraction study confirmed the coplanar structure of 48. 
The structural determination also revealed that there are three crystallographically 
independent molecules (designated I, II and in) in the asymmetric unit. The structures 
of these three independent molecules are similar to each other and, as an example, Figure 
II-5 shows a perspective view of molecule I. Comparing with the standard triple bond 
[1.18(1)人],the carbon-carbon triple bonds [1.19(2) A] in molecules I and III are 
exactly equal to it, but the one in molecule II [1.23(2) A] appears to be marginally 
longer，which correlates with the fact that the planarity of the eight-membered ring and 
the coplanarity of this ring with three benzo groups in II are distinctly worse than those 
in I and III. Also of structural interest is the bent acetylenic angle of 48. As expected, 
these angles in molecules I and III are similar to those of other cyclooctynes, showing an 
average value of 153.3°. Interestingly, the average value of the corresponding angles in 
molecule II is only 146.5°, which is comparatively much smaller. The mean deviations 
of the carbon atoms comprising the eight-membered ring from their respective least-
squares plane are 0.02(2) A for I，0.07(2) A for II，and 0.01(2) A for III; the dihedral 
i ‘ 
angles between the eight-membered ring and the three annulated benzene rings are 3(1)°, 
2(1)�’ and 3(1)0for I，6(1)。，3(1)。，and 8(1)° for II，and 3(1)。，1(1)。，arid 3(1)° for III， 
respectively. 
CI15) i 。 ( 口 ^ ^ 1 8 ) l c ( 2 0 , 
ci5) y VC(2D ycno) 
C(3) CI2J CI1) 
4 i 
Figure II-5. Perspective View of Acetylene 48 
. 43 ' 
Except for the triple bond, the other corresponding C-C bond lengths of the eight-
membered ring in I，II and III are very close to one another. The crystal structure of 48 
consists of a packing of discrete molecules with normal van der Waals contacts, and the 
three independent molecules are almost perpendicular to each other (Figure II-6); Values 
of the dihedral angle between pairs of least-square molecular planes are I-Et 93,0(.9)° II-
III 77.8(9)。，and I-III 81.4(9)°. 
Z Z 
得 
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Figure II-6. Stereoview of Crystal Structure of Acetylene 48 
Scheme XVI 
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Chemical proof for the existence of an acetylenic bond in 48 was accomplished by 
hydrogenation of 48 with two or one molar equivalents of hydrogen in ethyl acetate 
catalyzed by 10% palladium on charcoal or by Lindlar catalyst, giving 50 or 76 in 69% 
and 60% yield, respectively. 
Diels-Alder reaction of 48 with 1,3-diphenylisobenzofuran (77 ) in 
tetrahydrofuran at room temperature for five days afforded 5 3 % yield of 1’4，8，13-
^trahydro-l，l，4，44etramethyl-8’13-diphenyl-8，13-epoxybenzo[刎dicyclopenta[/*/，/7�]-
tetraphenylene (78) as a slightly yellow solid: mp 212-214^. The ^ NMR spectrum 
showed absorptions at 5 1.25 (s, 6H, methyl), 1.41 (s, 6H, methyl), 6.65-6.69 (dd, 
2H，/= 1.0，7.7 Hz, H714)，6.77-6.83 (t, 2 H , / = 7 . 7 , 7.7 Hz, H 6 1 5 ) ’ 6.99-7.02 (dd, 
2H，/= 1.0，7.7 Hz, H516)，and 7.13-7.43 (m, 14H), 7.83-7.85 (dd, 2 H , / = 3.0，5.3 
Hz) for the other benzenoid protons. The mass spectrum revealed M+ at m/z 602. 
The reaction of 48 with furan in tetrahydrofuran at room temperature for five days 
followed by preparative thin layer chromatography gave l,5,8,12-tetrahydro-l,l,12,12-
tetramethyl-5,8-epoxy-dicyclopenta[(ie/j/:/]tetraphenylene (79) as a yellowish solid in 
73% yield: mp 183-185^：. The XH NMR spectrum showed absorption signals at 5 
1.38 (s, 6H), 1.44 (s，6H) for the methyl protons, 5.36-5.37 (t, 2H, J = 0.9, 0.9 Hz， 
H6 7)，6.70-6.74 (dd, 2 H , / = 1.7，7.1 Hz, H4 9)，7.12-7.14 (dd, 2H, J= 1.7，7.8 Hz, 
H211)，7.14-7.20 (t, 2 H , / = 7 . 1 , 7.8 Hz, H310)，7.20 (s, 2H, H13’14)，7.34 (d, 2H, 
J = 0.9 Hz, H5 g) for the other protons. The mass spectrum showed M+ at m/z 400. 
Deoxygenation of endoxide 79 proceeded smoothly on treatment of 79 with low-
valent titanium reagent103 in tetrahydrofuran. Preparative thin layer chromatography 
eluted with hexanes followed by recrystallization from absolute ethanol gave 65% yield 
of colorless crystals of 1,12-dihydro-1,1,12,12-tetramethyldicyclopenta-
[^/#/]tetraphenylene (80): mp 245-247^. The ! H NMR spectrum in CD3COCD3 
showed absorptions at 8 1.29 (s, 6H)，1.37 (s，6H) for the methyl protons, 6.88-7.36 
{AA'BB', 4H, J = 3.5, 5.9 Hz), 7.34-7.49 (m, 8H) for the benzenoid protons. The 
13C NMR spectrum in CD3COCD3 showed signals at 5 26.86，29.48, 47.69, 121.80, 
123.31, 128.58 (x2), 131.51, 137.19，140.43, 141.16, 141.80，154.76, and 155.92 
(x2) ppm. The appearance of two singlets for the four methyl groups in both NMR 
. 45 ' 
and 13C NMR spectra revealed that the four methyl groups are no longer equivalent and 
the whole molecule is therefore nonplanar. The mass spectrum displayed M+ at mlz 
384. 
Scheme XVH 
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The chemical shifts and coupling constants of benzenoid protons in compound 80 
could not be assigned completely by its NMR spectrum as well as by 2-D lH-!H 
COSY and NOESY analyses. Thus, a simulation of the 2H NMR spectrum of 80 was 
attempted. This simulation was carried out with the RACCOON program and was 
. 46 
divided into two parts, as shown in Figure II-7. The first part is on H5, H6, H7 and H8, 
the second part is on H2, H3, H4, H9> H1 0 and H n , as well as H13 and H14. From the 
results of the simulation, it was concluded that H6, H7, H5 and H8 resonanced at 5 6.88-
7.36 ppm as AA'BB' system with J =3.5, 5.9 Hz, H4 and H9 at 8 7.39 as a doublet of 
doublets with J =2.5, 6.7 Hz, H3 and H10 at 5 7.42 as a triplet with J =6.7’ 6.7 Hz, H2 
and H n at 5 7.47 as a doublet of doublets with J =2.5, 6.7 Hz, and H13 and H14 at 5 
7.48 as a singlet. 
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A single-crystal X-ray diffraction study confirmed the non-coplanar structure of 
80. The structural determination also revealed that there are two crystallographically 
independent molecules (designated I and II) in the asymmetric unit. The structure of 
these two independent molecules are similar to each other. It is not surprised that the 
introduced benzene ring is away from the original plane due to the stereo repulsion of 
hydrogen atoms on peri positions as that in the 9,10-didehydrotribenzo-
[a,c,^]cyclooctene (46) (vide supra, Figure 1-9). The angles of these two planes are 
36.8°in molecule I and 37.8°in molecule II, respectively. 
c 2 8 ® c i c 2 c ® c 3 ° 
C15 CH 
Figure II-8. Perspective View of Compound 80 
Figure II-9. Stereoview of Crystal Structure of Compound 80 
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II-2. Synthesis of 5 ,6 -Didehydro-10 , l l -methano-m-benzo[5 ,6]cycIo-
octa[ l ,2 ,3 ,4-^/ ] f luorene- l ,14-dione (49) 
The synthesis of 49 was realized from the known diester 52. The retrosynthetic 
analysis is shown in Scheme XVIH 
S c h e m e X V I E 
49 81 
V 
Me02C - ^ ^ - C 0 2 M e 
OOD 
52 
The target molecule 49 can be approached from 81 by bromination-
dehydrobromination procedure. The polycyclic compound 81 is expectedly obtained 
from diester 52 by a double Friedel-Crafts reaction.91'^2 In reality, the preparation of 
81 from 52 proceeded smoothly in polyphosphoric acid at 150^ for four hours. 
Column chromatography on silica gel with chloroform and hexanes (1.5/1) followed 
with recrystallization from a mixture of chloroform and hexanes afforded 55% yield of 
5,6-dihydro-10,11-methano- l//-benzo[5,6]cycloocta-[l,2,3,4-<i^/]fluorene-1,14-dione 
(81) as yellowish needles: mp 264-266^ (lit91 267-270¾. The XH NMR spectrum 
showed two doublets at 5 2.65-2.77 (2H, / = 12.1 Hz) and 3.42-3.52 (2H, / = 12.1 
Hz) ppm belonging to the methylenic protons, indicating unequivalency of the four 
‘ 4 9 
protons. On the other hand, four resonance signals of the eight benzenoid protons, 
appeared at 5 7.30-7.36 (t, 2H, J= 7.3, 7.3 Hz, H3 8)，7.39-7.42 (dd，2H,/= 1.4, 7.3 
Hz，H4 7)，7.69-7.73 (dd, 2H, J = 1.4, 7.3 Hz, H 2 9) 7.76 (s, 2H, H 1 2 1 3 ) 
respectively, indicating a C2 symmetry of structure 81. This symmetry was supported 
by the appearance of only 11 signals in its 13CNMR spectrum at 5 36.59 (t), 122.63 (d), 
125.05 (d), 129.28 (d), 135.91 (d), 137.32 (s), 140.92 (s), 141.25 (s) (x2)，143.08 (s) 
and 192.28 (s). Mass spectrum of 81 showed M+ at m/z 308. 
Scheme XIX 
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In the cyclization of 52，the product was difficult to isolate from the reaction 
mixture. Column chromatography on silica gel gave desired 81 and some of the 
unidentified dark red impurities, which might be the decomposition product at high 
temperature. Other attempt was made to complete this cyclization with the 
corresponding diacid 82. 
Thus, conversion of 52 to diacid 82 was realized upon treatment of 52 with 
sodium hydroxide in boiling 40% aqueous methanol for four hours. Recrystallization 
from methanol gave 9,10-dihydrotribenzo[fl,c^]cyclooctene-l,4-dicarboxylic acid (82) 
in 91% yield: mp 183-185^. The structure of 82 was established by the absence of 
. 50 ' 
signals belonging to the methoxy group in 52. The mass spectrum of 82 showed M+ at 
m , z 3 4 4 - T h e reaction of 82 in polyphosphoric acid at 130^ gave cleanly 81 in 49% 
yield. 
After obtaining diketone 81, an acetylenic bond was introduced by means of 
bromination-dehydrobromination procedure. Bromination of 81 with one molar 
equivalent of iV-bromosuccinimide (NBS) in the presence of benzoyl peroxide gave 
monobromide 83 which was not isolated and identified Its existence was confirmed by 





In our hands, this procedure just gave a mixture of monobromide 83 and 
unreacted starting material 81. The separation of 83 and 81 either by column 
chromatography or by preparative thin layer chromatography failed due to their low 
solubility in most organic solvents. A possible way to obtain pure 83 was to search for 
a efficient reaction condition, under which 81 was converted to 83 completely. After 
several unsuccessful experiments, it was found that treatment with 2.5 molar equivalent 
NBS could convert 81 to its monobromide 83 cleanly. In practice, this reaction of 81 
proceeded on treatment of 2.5 molar equivalents of NBS (by three portions in a three 
hour period) and a catalytic amount of benzoyl peroxide in carbon tetrachloride at 80^ 
for four hours. Flash column chromatography on silica gel with hexanes and ethyl 
acetate (10/1) afforded 5-bromo-5,6-Dihydro-10,l l-methano-l/Z-
benzoCS^Jcyclooctatl^^^-^/lf luorene-^M-dione (83) as a mixture of two 
‘ 51 ‘ 
stereoisomers in 78% yield. Absorption signals in the NMR spectrum of 83 at 6 
3.31-3.89 (m, 2H) and 5.70-5.85 (m, 1H) indicated the presence of a mixture of two 
stereoisomers. The mass spectrum showed M+ and M+2 at m/z 386 and 388, 
respectively. The ratio of M+ and M+2is 1:1 (one-bromine pattern). 
Scheme XXI 
¾^ 
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Dehydrobromination of monobromide 83 by an excess of potassium m-butoxide 
in tetrahydrofuran at room temperature for 15 minutes gave 10,11-methano-1//-
benzo[5,6]cycloocta[l,2,3,4-^/]fluorene-l,14-dione (84) as a red solid in 37% yield: 
mp 307-309丨(lit91 305-310¾ % NMR i 5.84 (s, 2H, H5, H6), 7.02-7.05 (dd，2H, 
/ 二 1 . 3 , 7 . 4 H z , H 4 J ) , 7 . 1 1 - 7 . 1 7 ( t , 2 H , / = 7 . 4 , 7 . 4 H z , H3，8)’ 7 . 4 5 - 7 . 4 8 ( d d , 2 H , J 
:1.3，7.4 Hz, H2’9)，7.49 (s, 2H, H12’13); MS m/z 306 (M+). The additional proof of 
this structure was provided by a high resolution mass spectrum which showed M+ at 
miz 306.0692 (calcd. for C22H10O2 306.0678). 
Molecule 84 is very stable both in solid state and in solution. It presumably 
contains a coplanar fully-conjugated eight-membered ring, which should be reflected in a 
paratropic contribution to the ! H NMR spectrum. Indeed, the up-field shift of proton 
absorptions, especially of the olefinic protons (6 5.84) in the NMR spectrum of 84 
supports such paratropic character, as compared to those of the atropic dibenzo and 
tribenzocyclooctenes shown in Table II-1. (vide supra) 
Bromination of 84 with one molar equivalent of bromine in chloroform at 0 ^ for 
30 minutes followed by column chromatography on silica gel with hexanes and ethyl 
- 52 
acetate (15/1) afforded 5,6-dibromo-5,6-dihydro-10,l l-methano-l/Z-
b e n z o ^ ^ l c y c l o o c t a - t l ^ ^ ^ - ^ / l f l u o r e n e - ^ U - d i o n e ( 8 5 ) in 8 5 % yie ld : m p 241 -
244T. The structure of 86 was established by its l R NMR spectrum, which showed 
signals at 5 5.48-5.49 (d’ 1H, J = 2.4 Hz), 6.00-6.01 (d，1H, J = 2.4 Hz), 7.41-8.40 
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49 
To complete the synthesis, dibromide 85 was treated with an excess of potassium 
fm-butoxide in tetrahydrofuran at room temperature gave 5,6-didehydro-10,l 1-
methano-l//-benzo[5,6]cycloocta[ 1,2,3,4-^/]fluorene-1,14-dione (49)，which was 
recrystallized from a mixture of chloroform and hexanes as a red solid in 35% yield: mp 
321-323¾ NMR 5 6.87-6.91 (dd, 2 H , / = 1.3, 7.5 Hz, H4 7)，7.05-7.11 (t, 2H’ / 
=7.5, 7.5 Hz, H 3 8)，7.38-7.42 (dd, 2 H , / = 1.3，7.5 Hz, H2 9), 7.53 (s, 2H, H 1 2 1 3 ) ; 
MS m/z 304 (M+). The electronic spectrum of 49 showed absorptions at X m a x (CHC13) 
220 (log 8 4.10)，228 (4,18)，240 (4.63), 295 (4.51), 307 (4.64). 
Acetylene 49，similar to olefin 84，is very stable in solid state and in solution. 
The paratropic character of 49, reflected by its up-field shift of all proton absorptions in 
. 53 ' 
Its ! H NMR spectrum, indicates the existence of a coplanar fully-conjugated eight-
membered ring in 49. The chemical shifts of the benzenoid protons in 81, 84 and 49 
are summarized in Table II-4. 



















CDC13 6.91-6.78 7.05-7.11 7.38-7.41 7.53 :0 :^ 
4 5-^ 7 
49 
Table II-4. Chemical Shifts of The Benzenoid Protons in Cyclooctatetraenes 
Encouraged by this result, we therefore set forth to modify the procedure for the 
direct conversion of diketone 81 into its dibromide. When 81 was treated with five 
molar equivalents of NBS (by five portions in a five hour period), catalyzed with 
benzoyl peroxide in carbon tetrachloride at 80°€ for eight hours, a mixture of dibromides 
86 was obtained in 68% yield after column chromatography. The XH NMR spectrum 
showed absorptions at 5 3.98-4.04 (d，0.7H, J = 15.2 Hz), 4.68-4.74 (d, 0.7H, J = 
15.2 Hz), 5.47-5.48 (d，0.3H, J = 2.4 Hz), 5.99-6.00 (d, 0.3H, J == 2.4 Hz), 7.44-
8.61 (m，8H) ppm. The mass spectrum showed M+ at m/z 464. Didehydrobromination 
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II-3. Attempted Synthesis of l,14-Bis(dicyanomethyIene)-5,6-didehydro-
1 0 , l l - m e t h a n o - l i y - b e n z o [ 5 , 6 ] c y c l o o c t a [ l , 2 , 3 , 4 . ^ / ] f l u o r e n e (89) 
and l ,14-Bis(A^-cyanoiminyl)-5,6-didehydro-10, l l -methano-l i ir-
benzo[5 ,6]cyc loocta[ l ,2 ,3 ,4-^/ | f luorene (90) 
Tetracyanoquinodimethane (TCNQ) ( 8 7 ) 则 and N,Nf -dicyanoquinonediimine 
(TCNQI) (88) 1 1 0 have been widely used as the acceptor molecules in the formation of 
highly conducting charge transfer complexes. The extended 冗-systems in molecules 84 
and 49 are expected to lead to a reduction of the intramolecular Coulombic repulsion, as 
sustained in 87 and 88. Highly conducting charge transfer complexes are therefore 
likely derived from these molecules, as compared to the original TCNQ and TCNQI 
molecules.111’112 Hence, there is a competitive interest to synthesize such benzene ring 











As planar fully-conjugated 冗-systems，compound 89 and 90 seem to be possible 
candidates of new acceptors in charge transfer complexes. According to this 
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consideration, compounds 89 and 90 , namely 5，6-didehydro-U4_ 
biS(diCyanomethylene)-5，6-dihydrO-10，ll-methanO-l//-benzo[5，6]CydOOCta[l，2，3，4-
^/]fluorene and 5，6-didehydrO-l，14-biS(iV-Cyanoiminyl)-5，6-dihydrO-10’l l-methano-
l//-benzo[5,6]cycloocta[l,2,3,4-^/]fluorene, respectively, were designed and attempts 
on their synthesis were carried out by condensation of diketone 81 with malononitiile 








8 1 92 
The condensations of quinones with malononitiile and BTS is a convenient 
method for the preparation of TCNQ (87) and TCNQI (88) type compounds.110，111 
These reactions are catalyzed by various Lewis acids. Among these acid catalysts, the 
reagent of choice is titanium tetrachloride since side reactions are minimized with this 
reagent.113 '114 The reaction of diketone 81 with malononitrile proceeded in a mixture of 
chloroform and pyridine at room temperature for four hours, using titanium tetrachloride 
as catalyst. Instead of the desired product, a compound with the structure of 91 was 
obtained as a red solid in 30% yield: mp 264-267°C. The structure of 91 was 
established by its mass spectrum which showed a peak at mlz 356 for 
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M+. The l R N M R spectrum of 91，showing signals at 5 2.55-2.62 (d, 2 H , / = 11.8 
Hz)，3.39-3.49 (d, 2 H , / = 11.8 Hz), 7.27-7.36 (m, 4H), 7.63-7.70 (m, 2H), 8.41-
8.55 (m，2H), also supported this structure. 
Under similar condition, the condensation of diketon 8 1 with BTS gave the 
desired condensation product diimine 9 2 as a red solid in 55% yield: mp 285 -289^ . 
The N M R spectrum of 9 2 showed signals at 5 2.63-2.71 (d，2H, J = 11.9 Hz), 
3 .42-3.54 (d, 2H, J = 11.9 Hz), 7.37-7.44 (m, 4H), 7.88-7.92 (m, 2H), and 8.60-
8.63 (m，2H), respectively. The mass spectrum was in good agreement with this 
structure, showing M+ at m/z 356. 
C o m p o u n d 9 2 is extremely insoluble in most organic solvents. This low 
solubility seriously hindered subsequent experimental endeavors. 
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III. CONCLUSION 
A number of tribenzo[^,c,e]cyclooctene derivatives have been synthesized from 
anthracene. 
T h e olef inic compounds 1 ,1 ,14,14- te t ramethyl-10,11-methano- l^-benzo[5 ,6]-
c y c l o o c t a [ 1 , 2 , 3 A - d e f l f l u o r e n e ( 7 6 ) and 1 0 , l l - m e t h a n o - l / / - b e n z o [ 5 , 6 ] c y c l o o c t a -
[ 1 , 2 , 3 , 4 - ^ / | f I u o r e n e - 1 , 1 4 - d i o n e ( 8 4 ) are stable planar molecules. Their paratropic 
characters are shown by N M R analyses, depicting absorptions of the olefinic protons at 
5 5 .91 and 5.84，respectively, 0.7-0.9 ppm upfield shif t as compared to their non-
coplanar analogs. 
T h e a c e t y l e n e 5 ,6-didehydro-1，1,14,14- te t ramethyl-10,11 - m e t h a n o - I H -
benzo[5，6]cycloocta[l，2，3，4-&/]fluorene ( 4 8 ) and 5,6-didehydro-10,11-methano-1//-
benzo[5 ,6 ]cyc looc ta [ l ,2 ,3 ,4 -^ / l f luorene- l ,14-d ione ( 4 9 ) are also stable both at solid 
state and in solution. Their coplanarity are substantiated by N M R and X-ray analyses. 
T h e ang l e s t ra in of the c a r b o n - c a r b o n t r ip le bond in m o l e c u l e 4 8 are fu r the r 
demons t ra t ed by Die l s -Alder react ion with highly react ive dienes as well as by 
hydrogenation reactions. 
1 ,12-Dihydro-1,1,12,12-tetramethyldicyclopenta[^/ j / : / ] te t raphenylene ( 8 0 ) is 




All reagents and solvents were reagent grade. Further purification and drying by 
standard m e t h o d 1 1 5 were employed when necessary. All evaporation of organic 
solvents was carried out with a rotary evaporator in conjunction with a water aspirator. 
Melting and boiling points are uncorrected. NMR spectra were recorded on a Bruker 
Cryospec W M 250 spectrometer (250 MHz for XH and 62.5 MHz for 13C). All NMR 
measurements were carried out at room temperature in deuterated chloroform solution, 
unless otherwise indicated. Chemical shifts are reported as parts per million (ppm) in 5 
units on the scale downfield from tetramethylsilane (TMS) or relative to the resonance of 
chloroform solvent (7.26 ppm in the 77.0 ppm for the central line of the triplet in the 
1 3 C modes, respectively). Coupling constants (J) are reported in hertz (Hz). Splitting 
patterns are described as "s" (singlet); "d" (doublet); "t" (triplet); Mq" (quartet); "m" 
(multiplet). l H N M R data are reported in this order: chemical shifts; multiplicity; 
number(s) of proton; coupling constant(s). Mass spectral (MS) data were obtained on a 
VG 7070F mass spectrometer, and recorded at an ionization energy of 70 eV. In all 
cases, signals are reported as m/z. Analytical thin-layer chromatography (TLC) was 
carried out on commercial E. Merck 60 PF 2 5 4 silica gel plates (Art. 5554). E. Merck 
230-400 mesh silica gel (Art. 9385) was used for column chromatography. Preparative 
thin layer chromatography (PTLC) was performed with the use of precoated glass plates 
(20x20 cm) with a 1 mm layer of Camag silica gel with binder and UV indicator. 
Ultraviolet spectra were recorded on a Varian Superscan 3 using spectroscopic grade 
hexanes as solvent X-Ray diffraction measurements were made on a Nicolet R3m four-
circle diffractometer . Elemental analysis were performed at Shanghai Institute of 
Organic Chemistry, The Chinese Academy of Sciences. 
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9 ,10 -Dihydro -9 ,10 -e thanoanthracene - l l , 12 -d i carboxy l i c Anhydride 
( 5 7 ) 9 5 
A mixture of anthracene ( 5 5 ) (17.8 g, 0.1 mol) and maleic anhydride ( 5 6 ) (10.8 
g, 0.11 mol) in toluene (150 mL) was stirred and heated to reflux on a oil bath for three 
hours. The reaction mixture was cooled to O^C with an ice water bath and filtered with 
suction. The cake was washed with absolute ethanol (3x5 mL) and dried at room 
temperature to give crude product (26.9 g, 97%). Recrystallization f rom absolute 
ethanol a f forded the pure 9 ,10-dihydro-9,10-ethanoanthracene- l l ,12-dicarboxyl ic 
anhydride ( 5 7 ) (25.3 g, 92%) as a white solid: mp 2 6 4 - 2 6 7 ( (lit95 267-268SG); l H 
N M R 8 3.51-3.52 (t, 2 H , 7 = 1.6 Hz), 4.82-4.84 (t, 2H, J = 1.6 Hz), 7.18-7.22 (m, 
4H)，7.32-7.41 (AAfBB\ 4H, J= 3.0, 5.7 Hz); MS m/z 276 (M+). 
9,10-Dihydro-9,10-ethanoanthracene-ll,12-dicarboxylic Acid (58)95 
To a solution of sodium hydroxide (48 g, 1.2 mol) in 40% aqueous methanol 
(1000 m L ) w a s added 9 ,10 -d ihyd ro -9 ,10 -e thanoan th r acene - l 1 ,12-dicarboxyl ic 
anhydride ( 5 7 ) (8.3 g, 30 mmol). The mixture was stirred and refluxed for four hours, 
then cooled to room temperature and extracted with dichloromethane (3x100 mL). The 
aqueous layer was acidified with 36% hydrochloric acid (10 mL) and extracted with 
chloroform (4x150 mL). The combined extracts were washed with brine (20 mL), dried 
over magnesium sulfate and evaporated. The residue was recrystallized with absolute 
ethanol to give 9,10-dihydro-9,10-ethanoanthracene-11,12-dicarboxylic acid ( 5 8 ) (8.1 
g, 96%) as a white solid: mp 275-278SC (lit95 274-275SC); XU NMR 5 3.49-3.50 (t, 2H, 
J= 1.6 Hz); 4 .81 (s, 2H); 7.17-7.21 (m，4H), 7.31-7.40 (AA'BB\ 4H, J= 3.3, 5.5 
Hz); M S m/z 294 (M + ) . 
2,3-Dibromosuccinic Acid116 
In a two liter three necked, round-bottomed flask, equipped with a mechanical 
stirrer, dropping funnel, and Friedrich condenser, were placed furaaric acid (200 g, 1.7 
mol) and water (400 mL). The materials were thoroughly mixed until the fumaric acid 
had been completely wet by the water. The resulting thick, viscous mass was then 
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stirred vigorously and brought to boiling on a hot oil bath. 
Bromine (276 g, 1.7 mol) was added as rapidly as possible through the dropping 
funnel， the rate of addit ion being so controlled that the Friedrich condenser was 
continuously about half full of the refluxing liquid. The reaction mixture was maintained 
to reflux for two hours，then cooled to lO^C with stirring. The product was collected on 
a Biichner funnel , washed with cold water (3x20 mL), and dried overnight at room 
temperature to give 2,3-dibromosuccinic acid (330 g, 69%) as a white solid: mp 205-
2 0 9 ^ ( l i t1 1 5 2 0 3 - 2 0 5 ( ) . 
Acetylenedicarboxylic Acid117 
To a solution of potassium hydroxide (122 g, 2.2 mol) in 95% methanol (700 
mL)，was added 2,3-dibromosucciiiic acid (100 g, 0.36 mol). The resulting mixture 
was refluxed for one and a half hours on a oil bath, then cooled to 10SC with an ice 
water bath. The crude product was collected by suction filtration, washed with methanol 
(2x100 mL), then dissolved in water (270 mL). The aqueous mixture was acidified with 
concentrated sulfuric acid (68 mL) to pH 1 and extracted with diethyl ether (5x100 mL). 
The combined ether solutions were evaporated to dryness to give acetylenedicarboxylic 
acid hydrate, which was dried for two days over concentrated sulfuric acid in a vacuum 
desiccator to afford acetylenedicarboxylic acid (31 g, 74%) as a white solid: mp 172-
174SC (Ht1 1 6 1 7 5 - 1 7 6 ^ ) . 
Dimethyl Acetylenedicarboxylate (60)118 
A mixture of acetylenedicarboxylic acid (75 g, 0.66 mL) and concentrated sulfuric 
acid (135 g, 1.38 mol) in methanol (510 mL, 12.5 mol) was allowed to stand at room 
temperature for four days with occasional swirling. The resulting mixture was extracted 
with diethyl ether (5x500 mL) and the ether extracts were combined and washed 
successively with cold water (2x100 mL), saturated sodium bicarbonate solution (150 
’ mL), and cold water (100 mL) and then dried over anhydrous calcium chloride. After 
evaporating of the solvent, the residue was distilled under reduced pressure to give 
dimethyl acetylenedicarboxylate ( 6 0 ) (61 g, 66%) as a colorless liquid: bp 71-74SC/15 
mm (l i t1 1 7 95-98^/190111). 
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Dimethyl 9,10-Dihydro-9,10-ethenoanthracene-ll ,12-dicarboxyIate 
(61)% 
A m i x t u r e of a n t h r a c e n e ( 5 5 ) ( 1 7 . 8 g, 0 .1 m o l ) and d i m e t h y l 
acetylenedicarboxylate ( 6 0 ) (21.3 g, 0.15 mol) in toluene (150 mL) was refluxed with 
stirring for five hours. The reaction mixture was cooled to 5 ^ with an ice water bath 
and filtered by suction. The cake was washed with absolute ethanol (3x5 mL) and dried 
at room temperature to give the crude product (29.8 g, 93%). Recrystallization from 
absolute ethanol afforded the pure dimethyl 9,10-dihydro-9,10-ethenoanthracene-ll,12-
dicarboxylate ( 6 1 ) (25.3 g, 79%) as a white solid: mp 158-160SC (Ht96 160-161^): 
N M R (60 MHz) 8 3.75 (s, 6H), 5.49 (s, 2H), 7.01-7.34 (m, 8H); MS m/z 320 (M+). 
9,10-Dihydro-9,10-ethenoanthracene-ll,12-dicarboxylic Acid (62)96 
Dimethyl 9,10-dihydro-9,10-ethenoanthracene-11,12-dicarboxylate ( 6 1 ) (10 g, 
31 mmol) was added to a solution of sodium hydroxide (48 g, 1.2 mol) in 40% aqueous 
methanol (1000 mL). The mixture was allowed to reflux with stirring for four hours, 
then cooled to room temperature and extracted with dichloromethane (3x100 mL). The 
aqueous solution was acidified with 36% hydrochloric acid (10 mL) and extracted with 
chloroform (4x150 mL). The combined extracts were washed with brine (50 mL), dried 
over magnesium sulfate and evaporated. The residue was recrystallized with absolute 
ethanol to give 9,10-dihydro-9,10-ethenoanthracene-11,12-dicarboxylic acid ( 62 ) (8.3 
g, 92%) as a white solid: mp 2 1 7 - 2 1 8 ^ (lit96 215.5-216°); ^ NMR (CD3SOCD3) 5 
5.61 (s, 2H), 6.99-7.04 (m, 4H), 7.41-7.45 (m，4H); MS m/z 292 (M+). 
7ra/i5-ll,12-Dichloro-9,10-dihydro-9,10-ethanoanthracene (66)" 
Commercial trans-1,2-dichloroethylene ( 6 5 ) was dried and redistilled with 
potassium hydroxide. To the freshly distilled dichloroethylene (150 mL, 2.24 mol) was 
added anthracene ( 5 5 ) (30 g，0.17 mol). Af te r bubbled with nitrogen at room 
temperature for ten minutes, the mixture was heated in an autoclave at 2 4 0 ^ for three 
days. The inner pressure was 15 bar. The reaction mixture was condensed to recover 
the excess dichloroethylene, then ethanol (150 mL) was added and a dark brown solid 
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was precipitated. The crude product was collected by suction filtration, which was 
recrystallized with ethanol and chloroform (9:1) and decolorized with charcoal to give 
trans-11,12-dichloro-9,10-dihydro-9,10-ethanoanthracene ( 6 6 ) (34 g, 76%) as slightly 
yellow crystals: mp 207-208^： (lit99 203-204SC); l U N M R 5 4.15 (d, 2H, J = 1.3 Hz), 
4.36 (s，2H), 7.10-7.33 (m, 8H); M S m/z 274(M+) . 
9,10-Dihydro-9,10-ethenoanthracene (59) 
Method A 9 5 
A mixture of 9,10-dihydro-9,10-ethanoanthracene-11,12-dicarboxylic acid ( 5 8 ) 
(3.0 g, 10 mmol) and lead tetraacetate (13.4 g, 30 mmol) in pyridine (30 mL) was 
bubbled with oxygen at 6 7 ^ for two hours. After cooling to room temperature, the 
reaction mixture was poured into dilute nitric acid (200 mL) and extracted with diethyl 
ether (3x100 mL). The ether extracts were washed with saturated aqueous sodium 
bicarbonate (20 mL) and sodium chloride (10 mL) and dried over magnesium sulfate. 
Column chromatography with hexanes gave 9,10-dihydro-9,10-ethenoanthracene ( 5 9 ) 
as colorless crystals (394 mg, 19%): mp 1 1 8 - 1 2 1 ( (lit95 118-119^)-, NMR 8 5.10-
5.11 (t, 2H, 7 = 3.0’ 3.0 Hz), 6.91-7.27 (AA'BB\ 8H, J= 3.2, 5.3 Hz), 6.97-7.00 
(dd, 2 H ， / = 3.1, 5.3 Hz); 1 3 C N M R 8 51.15, 122.82, 124.22, 139.17，146.08; MS 
m/z 204 (M + ) . 
Method B 9 6 
A suspension of 9,10-dihydro-9,10-ethenoanthracene-11,12-dicarboxylic acid 
( 6 2 ) (2.9 g, 10 mmol) and copper powder (3.3 g, 50 mmol) in quinoline (150 mL) was 
refluxed for one hour under nitrogen. After cooling to room temperature, chloroform 
(200 mL) was added to dilute the mixture, then filtered. The filtrate was washed with 
10% h y d r o c h l o r i c acid (3x150 m L ) and dr ied over magnes ium sulfate . Af te r 
evaporation of the solvent, the residue was chromatographed on silica gel (60 g), eluted 
with hexanes to afford 9,10-dihydro-9,10-ethenoanthracene ( 5 9 ) (1.3 g, 61%) as 
colorless crystals, which was identical in all aspects with an authentic sample prepared 
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previously (vide supra). 
Method C " 
To a solution of trans-11,12-dichloro-9,10-dihydro-9,10-ethanoanthracene ( 6 6 ) 
(33 g, 1.7 mol) in 1-butanol (800 mL) was added small pieces of sodium (40 g, 1.7 
mol) portionally under reflux. The mixture was maintained to reflux until the sodium on 
the surface of the mixture was completely consumed, then cooled to room temperature. 
Water (400 mL) was added. The organic layer was separated and the aqueous layer was 
extracted with dichloromethane (2x100 mL). The combined organic extracts were 
washed with water (3x50 mL). The solvent was removed, and the residue was extracted 
with hexanes (1000 mL), then filtered over a short pad of silica gel column to remove 
high polar impurities (dark red in color) and washed with hexanes (3x200 mL). The 
filtrate was evaporated and the residue was recrystallized with absolute ethanol to give 
9,10-dihydro-9,10-ethenoanthracene ( 5 9 ) (15 g, 69%) as colorless crystals, which was 
identical in all aspects with an authentic sample prepared previously (vide supra). 
The mother solution was evaporated and the residue was chromatographed on 
silica gel using hexanes as eluent. The less polar component gave colorless crystals of 
9 ,10-dihydro-9,10-ethanoanthracene ( 6 7 ) (1.2 g, 5%): mp 139-142¾ (lit9 9 142-
1 4 3 ^ ) ; lU N M R 5 1.69-1.70 (t, 4H, J= 1.2, 1.2 Hz), 4.31 (partially resolved triplet, 
2H) , 7 .06-7.25 (AA'BB\ 8H, J : 3.3, 5.5 Hz); 1 3 C NMR 5 26.77, 44.21，123.25， 
125.55, 143.89; M S m/z 206 (M + ) . 
The more polar component af forded fur ther portions of 9,10-dihydro-9,10-
ethenoanthracene (59) (7.9 g, 24%). The total yield of 5 9 was 93%. 
Dibenzo[a,^]cyclooctene (4)94 
A solution of 9,10-dihydro-9,10-ethenoanthracene ( 5 9 ) (7.0 g, 34 mmol) in 
degassed anhydrous tetrahydrofuran (1000 mL) was irradiated with mercury lamp (125 
W medium pressure) at room temperature for twenty-four hours under a nitrogen 
atmosphere. After evaporation of the solvent, the residue was extracted with hexanes 
(400 mL). The organic filtrate was poured into a short pad of silica gel column and 
washed with hexanes (3x100 mL). The filtrate and column washings were combined 
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and the solvent was removed under reducd pressure. The residue was recrystalUzed 
with absolute ethanol to give dibenzo[a,e]cyclooctene ( 4 ) (5.0 g, 73%) as colorless 
crystals: mp 103-105SC (lit94 107-108SC); l U NMR 5 6.74 (s, 4H), 7.03-7.16 (m, 8H); 
1 3 C N M R 8 126.82, 129.10, 133.25, 137.11; M S m/z 204 (M + ) . 
5,6-Dibromo-5,6-dihydrodibenzo[fl,^]cyclooctene (39)100,101 
To a solution of dibenzofeejcyclooctene ( 4 ) (10.5 g, 51.5 mmol) in anhydrous 
dichloromethane (100 mL) was added dropwise a solution of bromine (10 g, 62.5 
mmol) in anhydrous dichloromethane (10 mL) at 0SC under nitrogen. After addition, the 
mixture was stirred at the same temperature for an additional thirty minutes. The 
reaction was quenched by addition of 10% sodium disulfite solution (10 mL), and the 
mixture was stirred at 0SC for ten minutes, then separated. The aqueous layer was 
extracted with dichloromethane (2x20 mL). The combined organic layers were washed 
with brine (2x10 mL) and dried over magnesium sulfate. The solvent was removed and 
the residue was recrystallized f rom hexanes and carbon tetrachloride to give 5,6-
dibromo-5,6-dihydrodibenzo[a,^]cyclooctene ( 3 9 ) (15.8 g, 85%) as slightly yellow 
crystals: mp 156-159SC (li t1 0 0 154-156CC); l U N M R 5 5.83 (s, 2H), 6.99-7.17 (m, 
10H); 1 3 C N M R 5 61.64, 127.70, 127.77, 128.43, 129.41, 133.37，135.11，138.35; 
M S m/z 362 (M + ) , 364 (M+2), 366 (M+4), M+ :M+2:M+4=1:2:1. 
l，4-Dimethyl-l，4-endoxo-l，4-dihydrotribenzo|>，c，杉]cyclooctene (69)93 
A solution of 5,6-dibromo-5,6-dihydrodibenzo[«^]cyclooctene ( 3 9 ) (3.64 g, 10 
mmol) in anhydrous tetrahydrofuran (50 mL) was added in a period of one minute to a 
solution of freshly sublimed potassium r-butoxide (3.92 g, 35 mmol) in anhydrous 
tetrahydrofuran (250 mL) at room temperature under nitrogen. After being stirred for 
two minute, f reshly distilled 2,5-dimethylfuran ( 6 8 ) (150 mL) was added and the 
mixture was stirred at the same temperature for 24 hours, then evaporated under reduced 
pressure below 3 5 ^ to recover the excess 2,5-dimethylfuran. To the residue, water 
(200 mL) and diethyl ether (200 mL) were added and the mixture was stiiTed for thirty 
minutes. The resulting mixture was separated and the aqueous layer was extracted with 
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diethyl ether (3x300 mL). The combined ether layer was washed with brine (20 mL)， 
dried over magnesium sulfate and evaporated. The residue was separated by flash 
columii chromatography on silica gel (50 g) eluted with hexanes and ethyl acetate (20:1) 
to give 1,4-dimethyl-1,4-endoxo-1,4-dihydrotribenzo[a,c,e]cyclooctene ( 6 9 ) (1.7 g, 
55% based on dibromide 3 9 ) as slightly yellow crystals: mp 185-187^0 (lit93 186-
187SC); lH N M R 6 1.66 (s, 6H), 6.69 (s, 2H), 6.71-6.75 (m, 2H), 7.06-7.24 (m, 8H); 
MS m/z 298 (M + ) . Anal. Calcd. for C 2 2 H 1 8 0 : C, 88.56; H, 6.08. Found: C，88.29; 
H, 6.15. 
I,4-DimethyItribenzo[a,c,^]cyclooctene (54) 
Method A 9 3 
To a suspension of titanium(IV) chloride (15 mL, 136 mmol) in anhydrous 
tetrahydrofuran (300 mL) was added carefully lithium aluminum hydride (1.90 g, 50 
mmol) at O^C under nitrogen atmosphere, and was followed by addition of triethylamine 
(18.2 g, 180 mmol) . The mixture was stirred and refluxed for thirty minutes and 
allowed to cool to room temperature. To this mixture was added dropwise 1,4-dimethyl-
1 , 4 - e n d o x o - 1 , 4 - d i h y d r o t r i b e n z o f a , c , e j c y c l o o c t e n e ( 6 9 ) (2 .98 g, 10 m m o l ) in 
anhydrous tetrahydrofuran (100 mL). The resulting mixture was stirred and refluxed for 
24 hours, then cooled to room temperature. Water (1000 mL) was added dropwise. 
The mixture was extracted with dichloromethane (3x500 mL). The organic layer was 
washed with water (50 mL), dried over magnesium sulfate, and evaporated. The residue 
was dissolved in hexanes (300 mL) and filtered through a short column packed with 
silica gel and washed with hexanes (3x100 mL). After removal of solvent, the residue 
was recrystallized from absolute ethanol to give 1,4-dimethyltribenzo[a, c, ^Jcyclooctene 
( 5 4 ) (2.25 g, 78%) as colorless crystals: mp 1 2 5 - 1 2 7 ( (lit93 128-129^) ; l H NMR 5 
1.95 (s, 6H), 6 .74 (s, 2H), 7.03-7.55 (m, 10H); MS m/z 282 (M+) . Anal. Calcd. for 
C 2 2H 1 8： C, 93.58; H, 6.42. Found: C, 93.62; H, 6.47. 
Method B 1 0 4 
To a solution of 1,4-dimethyl- 1,4-endoxo-1,4-dihydrotribenzo [a, c, ^Jcyclooctene 
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( 6 9 ) ( 2 9 8 m g ， 1 . 0 m m o 1 ) 记 anhydrous acetonitrile (20 mL), was added anhydrous 
sodium iodide (450 mg, 3.0 mmol) and trimethylsilyl chloride (336 mg, 3.0 mmol) at 
room temperature under nitrogen atmosphere. The mixture was stirred at the same 
temperature for three hours, then 5% sodium thiosulfate solution (10 mL) was added to 
quench the reaction. The mixture was extracted with diethyl ether (3x20 mL) and the 
combined organic solutions were washed with 5% sodium thiosulfate solution (20 mL) 
and brine (20 mL), and dried over magnesium sulfate. After evaporation of the solvent， 
the residue was purified by flash column chromatography on silica gel (5 g) with 
hexanes as eluent to give l,4-dimethyltribenzo[a,c,e]cyclooctene ( 5 4 ) (183 mg, 67%). 
The melting point and spectral data were identical with the sample prepared in method A. 
l,4-Bis(bromomethyI)tribenzo[a,c^]cycIooctene (70)93 
A suspension of 1,4-dimethyltribenzo[a,c,e]cyclooctene ( 5 4 ) (1.42 g, 5 mmol), 
A^-bromosuccinimide (NBS) (2.14 g, 11 mmol) and benzoyl peroxide (63 mg, 0.26 
mmol) in anhydrous carbon tetrachloride (250 mL) was refluxed under nitrogen for five 
hours. The reaction mixture was cooled to room temperature and filtered. The residue 
was washed with carbon tetrachloride (2x50 mL). The filtrate and the washings were 
combined and the solvent was removed under reduced pressure. The residue was 
separated by column chromatography on silica gel (70 g) with hexanes and diethyl ether 
(5:1) to give l ,4-bis(bromomethyl)tribenzo[a,c^]cyclooctene ( 7 0 ) (1.54 g, 70%) as 
slightly yellow palms: mp 143-146SC (lit93 145-147SC); lB N M R 5 3.91-4.24 (ABqy 
4 H , J= 9.9 Hz) , 6.68 (s，2H), 6.96-7.18 (m，8H), 7.39 (s, 2H); 1 3 C NMR 8 32.03, 
126.53，127.26, 127.38，128.55, 130.14，132.74，135.65, 137.65 (x2), 141.97; MS 
m/z 438, 440，442 (M+ :M+2:M+4=1:2:1) . Anal. Calcd. for C 2 2 H 1 6 Br 2： C, 60.03; H， 
3.66; Br, 36.31. Found: C, 59.86; H, 3.54; B r , 36.82. 
l,4-Bis(methoxymethyI)tribenzo[a,c,^]cycIooctene (53)93 
To a solution 1,4-bis(bromomethyl)tribenzo[a,c,^Jcyclooctene ( 7 0 ) (2.20 g，5 
mmol) in anhydrous methanol (50 mL) was added a solution of sodium methoxide in 
methanol [prepared by dissolving sodium (2.3 g, 100 mmol) in anhydrous methanol 
(200 mL)]. The mixture was refluxed for four hours, then cooled to room temperature, 
68 
and quenched with water (800 mL). The resulting mixture was extracted with diethyl 
ether (3x300 mL). The combined organic layers were washed with brine (2x30 raL), 
dried over magnesium sulfate, and evaporated. The residue was chromatographed on 
s i l i c a ge l (40 g) wi th h e x a n e s and e thy l ace t a t e (15 :1 ) as e luen t gave 1,4-
b i s (me thoxymethy l ) t r i benzo [a , c , ^cyc looc tene ( 5 3 ) ( 1 . 4 3 g, 84%) as color less 
crystals: mp 135-137SC (lit93 138 -139^ ) ; lB N M R 5 3.05 (s, 6H), 3.80 (ABqy 4H，J = 
12 Hz) , 6 .60 (s’ 2H), 7.05 (m, 8H), 7.40 (s, 2H); M S m/z 342 (M+) . Anal. Calcd. for 
C 2 4 H 2 2 ° 2 : C，84.18; H, 6.48. Found: C，83.42; H, 6.62. 
l,4.Bis(methoxymethyl)-9,10-dihydrotribenzo[a,c^]cyclooctene (74)91 
A mixture of l ,4 -b i s (methoxymethyl ) t r ibenzo[a ,cyc looc tene ( 5 3 ) (1.02 g, 3 
mmol ) and 10% pal ladium on charcoal (170 mg) in ethyl acetate (200 mL) was 
hydrogenated in a Parr hydrogenator (under 25 lb/in2 pressure) at room temperature for 
ten hours. The catalyst was removed by filtration and washed with ethyl acetate (3x20 
mL). The filtrate and washings were evaporated and the residue was purified by column 
chromatography on silica gel (30 g) using hexanes and ethyl acetate (15:1) as eluent. 
5,8-Bis(methoxymethyl)-13,14-dihydrotribenzo[(2,c,g]cyclooctene ( 7 4 ) was obtained 
as colorless crystals (875 mg, 85%): mp 102-105^：； N M R 6 2.76 (s, 4H), 3.25 (s, 
6H) , 4 .06-4.28 (ABq, 4H, 7 = 12 Hz), 6.89-7.03 (m，8H), 7.58 (s, 2H); 1 3C NMR 5 
33.07, 58.16, 72.62, 125.38, 127.20，127.36, 128.93, 129.29, 134.94，139.47 (x2), 
141.18; M S m/z 344 (M+) . Anal. Calcd. for C 2 4 H 2 4 0 2 ： C, 83.69; H，7.02. Found: C, 
83.14; H, 7.00. 
Dimethyl 9 ,10-Dihy drotr ibenzo[a ,c ,^] cyc looctene-1 ,4-d icar boxy late 
(52 )91 
T o a v i g o r o u s l y s t i r r e d s o l u t i o n of l , 4 - b i s [ m e t h o x y m e t h y l ] - 9 , 1 0 -
dihydrotribenzo[a,c,^]cyclooctene ( 7 4 ) (1 g, 3 mmol) in carbon tetrachloride (100 mL), 
acetonitrile (100 mL) and water (200 mL) was added sodium periodate (6 g, 30 mmol) 
and ruthenium trichloride hydrate (200 mg, 0.5 mmol). The mixture was stirred at room 
temperature until a black color appeared (about eight hours). The excess ruthenium 
6 9 
( V n i ) oxide was destroyed by addition of 2-propanol (50 mL). After stirring for thirty 
minutes，water (200 mL) was added. The resulting mixture was filtered over celite and 
the residue was washed with dichloromethane (3x50 mL). The filtrate was separated 
and the aqueous layer was extracted with dichloromethane (3x100 mL). The combined 
organic layers were washed with brine (20 mL), dried over magnesium sulfate and 
evaporated. The residue was chromatographed on silica gel (30 g) with hexanes and 
ethyl aceta te (15:1). Recrystal l izat ion f rom absolute e thanol gave dimethyl 9,10-
dihydrotribenzo[a,c,ejcyclooctene-1,4-dicarboxylate ( 5 2 ) (512 mg, 46%) as colorless 
crystals: mp 1 5 6 - 1 5 8 ^ (lit91 1 5 5 - 1 5 6 ^ ) ; lU N M R 8 2.88-2.99 (AA'BB\ 4H, ]二 4.5， 
6.5 Hz) , 3 .54 (s, 6H), 6 .73-6.77 (dd, 2H，J= 1.1，7.3 Hz), 6 .92-7.08 (m, 6H), 7.87 
(s, 2H) ; 1 3 C N M R 5 33.16, 52 .02 , 125.46, 127.67, 128.09 (x2), 129.08, 134.08’ 
139.28，139.69, 143.25, 168.16; M S m/z 372 (M+ ) . Anal. Calcd. for C 2 4 H 2 0 O 4 : C, 
77.40; H , 5.41. Found: C, 77.56; H, 5.40. 
5，6-Dihydro-l，l，14，14-tetraniethyl-10，ll-methaiio-m_benzo[5，6] 
cycIoocta[l,2,3,4-J^/]fluorene (50)91 
T o a s o l u t i o n of d i m e t h y l 9 , 1 0 - d i h y d r o t r i b e n z o [ a , c , ^ ] c y c l o o c t e n e - 1 , 4 -
dicarboxylate ( 5 2 ) (1.12 g, 3 mmol) in anhydrous tetrahydrofuran (100 mL) was added 
dropwise methyl l i th ium in diethyl ether (1.2M, 40 mL, 48 mmol) at - 7 8 ^ under 
nitrogen. The reaction mixture was stirred at that temperature for one hour, then allowed 
to warm to room temperature and refluxed for two hours. The excess of methyllithium 
was destroyed by addition of ethyl acetate (100 mL), and then water (200 mL) was 
added. The mixture was extracted with dichloromethane (4x100 mL). The organic 
extracts were washed with brine (2x20 mL), dried over magnesium sulfate and filtered. 
The filtrate was evaporated to provide the crude diol 5 1 . This crude product was added 
to 90% sulfuric acid (300 mL) and stirred vigorously at O^C for three hours. The 
resulting mixture was poured into crushed ice (700 g). Dichloromethane (200 mL) was 
added. The mixture was stirred for one hour, then filtered through a thin layer of silica 
gel and the cake was washed with dichloromethane (3x50 mL). The organic layer was 
separated and the aqueous layer was extracted with dichloromethane (3x100 mL). The 
combined organic layers were washed with saturated sodium bicarbonate solution (30 
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m L ) a n d b r i n e (50 mL), dried with magnesium sulfate and evaporated. The residue was 
purif ied by column chromatography on silica gel (hexanes) to give 5,6-dihydro-
l , l ,14 ,14- te t ramethyl -10 , l l -methano- l / / -benzo[5 ,6] cycloocta[ l ,2 ,3 ,4-^/ ] f luorene 
( 5 0 ) as colorless crystals (574 mg, 57%): mp 188-191SC (lit91 187-1891); l B NMR 5 
I .52 (s, 6H), 1.54 (s, 6H), 2.87- 2.92 (d, 2H, / = 11.3 Hz), 3.32-3.46 (d, 2H, J = 
I I . 3 Hz), 7.13-7.16 (dd, 2 H , 7 = 1.0, 7.4 Hz), 7.22-7.28 (t, 2H, J = 7.4, 7.4 Hz), 
7.35-7.38 (dd, 2 H , 7 = 1.0, 7.4 Hz，)’ 7.48 (s，2H); 1 3 C NMR 8 27.70’ 28.84，37.95, 
45 .63，120 .10 , 121 .14 , 126.48, 127.08, 133.71，138.67，140.92，154.57, 155.40; 
M S m/z 336 (M+) . Anal. Calcd. for C2 6H2 4： C, 92.81; H, 7.19. Found: C, 93.08; H, 
7 .63. 
Preparation of Silica Gel Impregnated with Silver Nitrate 
To a stirred solution of silver nitrate (5 g) in water (5 mL) was added methanol (95 
m L ) and silica gel (100 g, 230-400 mash). The mixture was stirred for thirty minutes, 
then filtered by suction. The cake was washed with acetone (4x15 mL) and dried in a 
dissicator packed with phosphorus pentoxide under reduced pressure for 48 hours under 
dark. 
5,6-Didehydro- l , l ,14 ,14-tetramethyl-10, l l -methano- l J f l r "benzo-
[ 5 , 6 ] c y c l o o c t a [ l , 2 , 3 , 4 - ^ / ] f l u o r e n e (48) and 1,1,14,14-Tetramethyl-
lOjll-methano-lff-benzotS^JcycIooctafl^^^-^/lfluorene (76) 
To a so lu t ion of 5 , 6 - d i h y d r o - 1 , 1 , 1 4 , 1 4 - t e t r a m e t h y l - 1 0 , 1 1 - m e t h a n o - I H -
benzo[5 ,6]cyc looc ta [ l ,2 ,3 ,4 -^ / ] f luorene ( 5 0 ) (50 mg, 0.15 mmol) in anhydrous 
chlorobenzene (5 mL) was added A^-bromosuccinimide (NBS) (267 mg, 1.5 mmol) and 
benzoyl peroxide (2 mg) in five portions during a period of three hours under nitrogen. 
After refluxing for a further two hours, the reaction mixture was evaporated under 
reduced pressure and the resulting bromides 7 5 were dried in vacuo. 
To a solution of freshly sublimed potassium 广-butoxide (145 mg, 0.4 mmol) in 
anhydrous tetrahydrofuran (5 mL) was added the solution of the bromides in anhydrous 
tetrahydrofaran (2 mL) under nitrogen, then stirred at room temperature for ten minutes. 
Water (20 mL) was added. The resulting mixture was extracted with dichloromethane 
7 1 
(3x 10 mL). The organic layer was washed with brine (2x5 mL), dried over magnesium 
sulfate and evaporated. The residue was chromatographed by preparative thin layer 
c h r o m a t o g r a p h y (hexanes) to provide a mix ture of l , l , 1 4 3 1 4 - t e t r a m e t h y l - 1 0 , l l -
m e t h a n o - l / / - b e n z o [ 5 , 6 ] c y c l o o c t a [ l , 2 , 3 , 4 - ^ / ] f l u o r e n e ( 4 8 ) and 5，6-didehydn)_ 
l ’ l，14，14 - t e t r a m e thy l -10 ’ l l - m e th a n O - l / / -b e n z O [5，6 ] C y C l O O C t a [ l，2，3，4 -&/] f ] u o r e n e 
(76) (8 mg, 18%): MS mlz 332’ 334 (88:12). 
The separation of 4 8 and 7 6 was performed by column chromatography on silica 
gel (5 g) impregnated with silver nitrate (5%) with hexanes and ethyl acetate (5:1) as 
eluent. 
The less polar component was recrystallized f rom absolute ethanol and hexanes to 
g i v e 1 , 1 , 1 4 , 1 4 - t e t r a m e t h y l - 1 0 , l l - m e t h a n o - l / / - b e n z o [ 5 , 6 ] c y c l o o c t a [ l , 2 , 3 , 4 -
^ / ] f l u o r e n e ( 7 6 ) (1 mg, 2%) as slightly yellow crystals: mp 2 1 5 - 2 1 7 ( (lit91 215-
2 1 7 1 ) ; i H N M R 5 1.41 (s, 12H), 5.91 (s, 2H), 6 .81-6.85 (dd, 2 H , / = 1.5, 7.5 Hz), 
7 .02-7 .08 (t, 2 H , / = 7 . 5 , 7.5 Hz), 7 .11-7.15 (dd, 2 H , / = 1.5，7.5 Hz), 7.19 (s, 2H); 
1 3 C N M R 5 27.81 (x2), 44.96，122.95, 123.12，127.92, 131.39’ 132.86’ 134.78， 
135.35，137.36，154.67, 155.94; MS m/z 334 (M+). Anal. Calcd. for C 2 6H 2 2： C, 
93.37; H , 6.63. Found: C, 93.12; H, 6.28. 
The more polar component was recrystallized f rom absolute ethanol and hexanes 
to give 5,6-didehydro-1,1,14,14-tetramethyl-10，11-methano-l//-benzo[5，6]cycloocta-
[ l , 2 , 3 , 4 - ^ / ] f l u o r e n e ( 4 8 ) (7 mg, 15%) as slightly yellow crystals: mp 203-205^：; UV 
(hexanes) A,max 233 (log £ 4.11)，271 (4.70), 278.5 (4.86)，298 (3.86)，328 (3.74), 339 
(3.90), 353 (3.93), 359 (3.86), 381 (3,14); N M R 5 1.42 (s, 12H), 6.71-6.75 (dd, 
2 H ， 1 . 3 , 7 .5 Hz) , 6 .97-7.06 (t, 2 H , / = 7 . 5 , 7 .5 Hz) , 7 .12-7.16 (dd, 2H, / : 1.3’ 
7 .5 Hz) , 7 .24 (s’ 2H); 1 3 C N M R 1 27.54 (q) (x2), 45.36 (s)，108.38 (s), 119.62 (s)， 
123.15 (d), 123.75 (d), 124.02 (d), 127.61 (d)，135.41 (s), 148.88 (s), 154.37 (s), 
156.31 (s); accurate mass m/z (M+) calcd. for C 2 6 H 2 0 332.1565, found 332.1566. 
Anal . Calcd. for C 2 6 H 2 0 : C, 93.93; H, 6.06. Found: C, 93.13; H, 6.15. 
Hydrogenation of 5，6-Didehydro-l，l，14，14-tetramethyl-10，ll-methano-
l H - b e n z o [ 5 , 6 ] c y c l o o c t a [ l , 2 , 3 , 4 - ^ / ] f I u o r e n e (48) with 10% Palladium 
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on Charcoal 
A s u s p e n s i o n of 5 , 6 - d i d e h y d r o - l , l , 1 4 , 1 4 - t e t r a m e t h y l - 1 0 , l l - m e t h a n o - l / / -
benzo[5,6]cycloocta[ 1 ,2 ,3 ,4-^ / ] f luorene ( 4 8 ) (10 mg, 0.03 mmol) and 10% palladium 
on charcoal (1 mg) in ethyl acetate (5 mL) was hydrogenatated at room temperature for 
12 hours. The catalyst was removed by filtration. The filtrate was evaporated and the 
residue was chromatographed by preparative thin layer chromatography (hexanes) to 
g ive 5，6-dihydro-l，l,14，14-tetramethyl-10，ll-methano-LfiT-benzo[5，6]cycloocta-
[1 ,2 ,3 ,4-Je/ ] f luorene ( 5 0 ) (7 mg, 69%), whose melting point and spectral data were 
identical with an authentic sample. 
Hydrogenation of 5,6-Didehydro-l , l ,14,14-tetramethyI-10, l l -methano-
l^ -benzo[5 ,6 ]cyc looc ta [ l , 2 ,3 ,4 -^ / ] f luorene (48) with Lindlar Catalyst 
A s u s p e n s i o n of 5 , 6 - d i d e h y d r o - 1 , 1 , 1 4 , 1 4 - t e t r a m e t h y l - 1 0 , 1 1 - m e t h a n o - I H -
benzo[5，6]cycloocta[l，2，3，4-办/Jfluorene ( 4 8 ) (10 mg , 0 .03 mmol) and Lindlar 
catalyst (1 mg) in ethyl acetate (5 mL) was hydrogenatated at room temperature for 12 
hours. The catalyst was removed by filtration. The filtrate was evaporated and the 
residue was chromatographed by preparative thin layer chromatography (hexanes) to 
g i v e 1 , 1 , 1 4 , 1 4 - t e t r a m e t h y l - 1 0 , l 1 - m e t h a n o - l / / - b e n z o [ 5 , 6 ] c y c l o o c t a [ 1 ,2 ,3 ,4-
Jg/]f luorene ( 7 6 ) (6 mg, 60%), whose melting point and spectral data were identical 
with an authentic sample. 
1 , 4 , 8 , 1 3 - T e t r a h y d r o - 1 , 1 , 4 , 4 - t e t r a m e t h y l - 8 , 1 3 - d i p h e n y l - 8 , 1 3 -
epoxybenzo[b]dicyclopenta[/A:/,/7^r]tetraphenyIene (78) 
To a so lu t ion of 5 , 6 - d i d e h y d r o - 1 , 1 , 1 4 , 1 4 - t e t r a m e t h y l - 1 0 , 1 1 - m e t h a n o - I H -
benzo[5 ,6 ]cyc looc ta [ l ,2 ,3 ,4 - J^ / ] f luo rene ( 4 8 ) (20 mg, 0.06 mmol) in anhydrous 
tetrahydrofuran (3 mL) was added 2,5-diphenylisobenzofuran (DIB) ( 7 7 ) (162 mg, 0.6 
mmol) in tetrahydrofuran (1 mL) at room temperature under nitrogen and the mixture 
was stirred for five days. The solvent was removed under reduced pressure and the 
residue was chromatographed by preparative thin layer chromatography, using hexanes 
and ethyl acetate (10:1) as eluent, affording 1,4,8,13-tetrahydro-1,1,4,4-tetramethyl-
8J3-diphenyl-8,13-epoxybenzo[b]dicyclopenta[ /K/7^r] te t raphenylene ( 7 8 ) (19 mg, 
53%) as a slightly yellow solid: mp 212-214SC; XH NMR 5 1.25 (s, 6H), 1.41 (s, 6H), 
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6.65-6.69 (dd, 2 H , 7 = 1.0，7.7 Hz), 6 .77-6.83 (t, 2H, J = 7.7, 7.7 Hz), 6.99-7.02 
(dd，2H, J= 1.0，7.7 Hz) , 7 .13-7.43 (m, 14H), 7.83-7.85 (dd, 2H, J= 3.0, 5.3 Hz); 
M S m/z 602 (M+). Accurate mass m/z (M + ) calcd for C 4 6 H 3 4 0 602.2610, found 
602.2604. Anal. Calcd. for C 4 6 H 3 4 0 : C’ 91.66; H，5.69. Found: C, 91.64; H, 5.90. 
142-Dihydro . l44242- te tramethyId icycIopenta[^ /J^ / ] te traphenyIene 
(80) 
A s o l u t i o n of 5 , 6 - d i d e h y d r o - 1 , 1 , 1 4 , 1 4 - t e t r a m e t h y l - 1 0 , 1 1 - m e t h a n o - I H -
benzo[5 ,6]cycloocta[ l ,2 ,3 ,4-^ / ] f lurene ( 4 8 ) (25 mg, 0.07 mmol) in freshly distilled 
furan (3 mL) was stirred at room temperature for f ive days under nitrogen. After 
removal of the excess furan, the residue was purified by column chromatography with 
hexanes and ethyl acetate (10:1) to furnish l,5,8,12-tetrahydro-l,l,12,12-tetramethyl-
5 ,8 -epoxy-d icyc lopen ta [ J^ / ] t e t rapheny lene ( 7 9 ) (22 mg, 73%) as a yellowish solid: 
mp 1 8 3 - 1 8 5 ¾ m N M R 5 1.38 (s, 6H), 1.44 (s, 6H), 5.36-5.37 (t, 2H, J= 0.9，0.9 
Hz)，6.70-6.74 (dd, 2H, J= 1.7, 7 .1 Hz), 7 .12-7.14 (dd, 2H, J= 1.7，7.8 Hz), 7.14-
7 . 2 0 (t, 2 H ， 7 = 7 . 1 , 7 .8 H z ) , 7 . 2 0 (s’ 2 H ) , 7 . 3 4 (d, 2 H , J = 0 .9 Hz); M S m/z 400 
(M+). Accurate mass m/z (M+) calcd. for C 3 0 H 2 4 O 400.1827’ found 400.1822. 
To a suspension of lithium aluminum hydride (19 mg, 0.5 mmol) in anhydrous 
tetrahydrofuran (5 mL) was added carefully titanium (IV) chloride (0.15 mL, 1.36 
mmol) at 0 ( under nitrogen atmosphere, and was followed by addition of triethylamine 
(0.18 g 1.8 mmol) . The mixture was stirred and refluxed for thirty minutes, then was 
allowed to cool to room temperature, and a solution of 1,5,8,12-tetrahydro-1,1,12,12-
tetramethyl-5,8-epoxy-dicyclopenta[^/y/:/]tetraphenylene ( 7 9 ) (16 mg, 0.04 mmol) in 
anhydrous tetrahydrofuran (1 mL) was added. The mixture was refluxed for 24 hours, 
then poured into crushed ice (10 g) containing 0.2N hydrochloric acid (2 mL). The 
mixture was filtered over silica gel. The residue was washed with dichloromethane 
(3x10 mL). The organic layer was separated and the aqueous layer was extracted with 
dichloromethane (3x20 mL). The combined organic layers were washed with brine (5 
m L ) , d r ied o v e r m a g n e s i u m su l f a t e , and evapora t ed . P repa ra t ive thin layer 
c h r o m a t o g r a p h y , u s ing h e x a n e s as e luen t , a f f o r d e d 1 , 1 2 - d i h y d r o - 1 , 1 , 1 2 , 1 2 -
tetramethyldicyclopenta[<i^y^/]tetraphenylene ( 8 0 ) (10 mg, 65%) as colorless crystals: 
7 4 
m P 2 4 5 _ 2 4 巧 1 H N M R ^ 3 C O C D 3 ) 8 1.29 (s, 6H) , 1.37 (s, 6H), 6 .88 -7 .36 
_ 耀 〜 4 H , J 編 3.5, 5.9 Hz) , 7 .41 (dd, 2H, 7 = 2.5, 6.7 Hz) , 7 .43 (t, 2H, J = 6.7, 
6.7 Hz) , 7 .47 (dd, 2 H ， J = 2.5，6.7 Hz), 7.48 (s, 2H); % n m r ( C D 3 C O C D 3 ) 5 
26.86，29.48, 47 .69 , 121.80, 123.31, 128.58 (x2), 131.51, 137.19, 140.43, 141.16, 
141.80’ 154.76，155.92 (x2); M S m h 384 (M+). Anal, calcd. for C 3 0 H 2 4 : C, 93.71; 
H，6.27. Found : C, 93.43; H, 6.22. 
9,10.Dihydrotribenzo[a,c^]cyclooctene-l,4-dicarboxyIic Acid (82) 
Dimethyl 9 ,10-dihydrotr ibenzofec^]cyclooctene- l ,4-dicarboxyla te ( 5 2 ) (240 
mg，0.65 mmol) was added to a solution of sodium hydroxide (1.0 g, 25 mmol) in 40% 
aqueous methanol (20 mL). H i e mixture was stirred and refluxed for four hours, then 
cooled to room temperature and extracted with dichloromethane (3x10 mL). The 
aqueous solution was acidified with 36% hydrochloric acid (0.5 mL) and extracted with 
ethyl acetate (3x20 mL). The combined extracts were washed with brine (2x5 mL), 
dried over magnes ium sulfate and evaporated. The residue was recrystallized from 
methanol to give 9,10-dihydrotr ibenzo[a,c^]cyclooctene-l ,4-dicarboxyHc acid ( 8 2 ) 
(203 mg, 91%): mp 1 8 3 - 1 8 5 ¾ 2 H N M R ( C D 3 S O C D 3 ) 5 2 .77-2.94 {AA'BB\ 2H, J = 
3.9，8.8 Hz) , 6 .73-6 .75 (d, 2H, / = 7 . 2 Hz), 6.90-7.02 (m, 6H), 7 .80 (s, 2H); 1 3 C 
N M R ( C D 3 S O C D 3 ) 8 30 .65，123.32，125.34，125.46 , 126 .18’ 126.91 , 132.95， 
137.25，137.80, 139.60, 166.69; M S m/z 344 (M+ ) . Anal. Calcd. for C 2 2 H 1 6 0 4 : C, 
76 .73; H, 4 .68. Found: C, 76.94; H，5.03. 
5 , 6 - D i h y d r o - l 0 , 1 1 - m e t h a n o - l i f - b e n z o [ 5 , 6 ] c y c l o o c t a f 1 , 2 , 3 , 4 -
^/]f luorene-l ,14-dione (81) 
Method A 9 1 
A mixture of dimethyl 9,10-dihydrotribenzo[a,c,^Jcyclooctene-1,4-dicarboxylate 
( 5 2 ) (240 mg, 0.65 mmol) in polyphosphoric acid (20 g) was stirred vigorously and 
heated at 15CTC for four hours under nitrogen, then poured into a mixture of crushed ice 
(200 g) and chloroform (150 mL). The mixture was stirred for one hour, then filtered 
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over a thin layer of silica gel. The silica gel was washed with chloroform (3x30 mL). 
The organic layer was separated and the aqueous layer was extracted with chloroform 
( 3 x 5 0 m L ) . T h e c o m b i n e d organic layers were washed wi th saturated sod ium 
bicarbonate solution (10 mL) and brine (30 mL), and dried over magnesium sulfate. 
Af ter removal of solvent, the residue was chromatographed on silica gel (70 g) with 
chloroform and hexanes (1.5:l)as e luent The eluent was evaporated and the residue 
was recrystalUzed f rom chloroform and hexanes to give 5，6-dihydro-10,11-methano-
l ^ - b e n z o [ 5 , 6 ] c y c l o o c t a [ l , 2 , 3 , 4 - ^ / l f l u o r e n e - l , 1 4 - d i o n e ( 8 1 ) (120 mg, 55%) as 
yellowish needles: mp 264-266SC (lit91 267-270SC); XH N M R 5 2.65-2.77 (d, 2H, J = 
12.1 Hz) , 3 .42-3 .52 (d, 2H, 7 = 12.1 Hz) , 7 .30-7.36 (t, 2H, 7 = 7 . 3 , 7.3 Hz), 7.39-
7 .42 (dd, 2H, 7 = 1.4 Hz，�7= 7.3 Hz) ,7 .69-7 .73 (dd, 2H, 7 = 1.4 Hz, J= 7.3 Hz) 
7 .76 (s, 2H) ; ! 3 C N M R 8 36.59, 122.63, 125.05, 129.28, 135.91，137.32，140.92， 
141.25 (x2), 143.08，192.28; M S m/z 308 (M+). Anal . Calcd. for C 2 2 H 1 2 0 2 ： C, 
85.70; H , 3.92. Found: C，85.22; H, 3.62. 
Method B 
T h e f ine ly powdered 9,10-dihydrotr ibenzo[a, c, ^jcyclooctene-1,4-dicarboxylic 
acid ( 8 2 ) (200 mg, 0.65 mmol) was added to polyphosphoric acid (20 g). The mixture 
was stirred vigorously and heated at 13(TC for six hours under nitrogen, then poured 
into a mixture of crashed ice (200 g) and chloroform (150 mL). This mixture was 
stirred fo r one hour, then filtered over a thin layer of silica gel. The silica gel was 
washed with chloroform (3x30 mL). The filtrate was separated and the aqueous layer 
was extracted with chloroform (3x50 mL). The combined organic layers were washed 
with saturated sodium bicarbonate solution (10 mL) and brine (30 mL), and dried over 
magnes ium sulfate. Af te r removal of solvent, the residue was chromatographed on 
si l ica gel (70 g) wi th chloroform and hexanes (1.5:1) as eluent. The eluent was 
evaporated and the residue was recrystallized from chloroform and hexanes to give 5,6-
dihydro-10,11-methano-li/-benzo[5,6]cycloocta[l ,2,3,4-J^/]fluorene-1，14-dione ( 8 1 ) 
(98 mg, 49%). The melting point and spectral data were identical with the sample 
prepared by method A. 
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10 , l l -Methano-m-benzo [5 ,6 ] cyc looc ta [ l , 2 , 3 ,4 -^ /1 fluorene-1,14-dione 
(84) 
T o a r e f l u x i n g m i x t u r e of 5 , 6 - d i h y d r o - 1 0 , l 1 - m e t h a n o - 1 / / -
benzo[5 ,6 ]cyc looc ta [ l ,2 ,3 ,4 -^y] f luorene- l ,14-d ione ( 8 1 ) (100 mg, 0.32 mmol) in 
anhydrous carbon tetrachloride (50 mL) was added iV-bromosuccinimide (NBS) (141 
mg，0.8 mmol) and benzoyl peroxide (9 mg) by three portions in a period of three 
hours. Af ter addition, the reaction mixture was heated to reflux for a further one hour, 
then cooled to room temperature. The solvent was removed and the residue was 
chromatographed on silica gel (50 g), using hexanes and ethyl acetate (10:1) as eluent to 
g i v e 5 - b r o m o - 5 , 6 - d i h y d r o - 1 0 , l 1 - m e t h a n o - 1 7 7 - b e n z o [ 5 , 6 ] c y c l o o c t a [ l , 2 , 3 , 4 -
Je/ ] f luorene-1,14-dione ( 8 3 ) as a mixture of two stereoisomers (96 mg, 78%): ^ 
N M R 5 3 .31-3 .89 (m，2H), 5 .70-5.85 (m，1H), 7.34-7.88 (m, 8H); M S m/z 386 (M + ) , 
388 (M+2), M:M+2=1:1 . 
To a solution of freshly sublimed potassium r-butoxide (50 mg, 0.45 mmol) in 
tetrahydrofuran (5 mL) was added a solution of the bromide 8 3 (116 mg, 0.3 mmol) in 
tetrahydrofuran (50 mL) at room temperature under nitrogen atmosphere. The reaction 
mixture was stirred at that temperature for 15 minutes, then water (10 mL) was added. 
The resulting mixture was extracted with chloroform (5x100 mL) and the combined 
chloroform extracts were washed with water (2x20 mL), dried over magnesium sulfate 
and evaporated. The residue was separated by column chromatography on silica gel (50 
g)’ eluted with chloroform. The eluent was concentrated to about 30 mL, to which 
absolute ethanol (10 mL) was added. The alcoholic chloroform solution was kept at 5V. 
for six days to precipitate 10,11-methano- l / / -benzo[5,6]cycloocta[ 1,2,3,4-^/]f luorene-
1,14-dione ( 8 4 ) as a red solid (34 mg, 37%): mp 3 0 7 - 3 0 9 ( (lit91 3 0 5 - 3 1 0 ^ ) ; l U 
N M R 8 5 .84 (s, 2H) , 7 .02-7.05 (dd, 2H, 7 = 1.3, 7.4 Hz) , 7 .11-7.17 (t，2H, J : 7.4， 
7 .4 Hz ) , 7 .45 -7 .48 (dd, 2H, J = 1.3, 7 .4 Hz), 7 .49 (s, 2H); M S m/z 306 (M+). 
Accurate mass m/z (M+ ) cacd. for C 2 2 H 1 0 O 2 306.0678，found 306.0692. Anal. Calcd. 
for C 2 2 H 1 0 O 2 : C，86.26; H, 3.29. Found: C，85.43; H, 3.59. 
5 , 6 - D i b r omo-5 ,6 -d ihydro -10 ,11 -methano- lJy -benzo [ 5 ,6] cyc looc ta-
[1,2,3,4-^/]f luorene-l ,14-dione (85) 
To a solution of 10,11-methano-lH-benzo[5,6]cycloocta[l ,2,3,4-<i^/ | f luorene-
7 7 
1,14-dione ( 8 4 ) (31 mg, 0.1 mmol) in anhydrous chloroform (50 mL), was added a 
solution of bromine (one drop) in chloroform (2 mL) at (TC under nitrogen atmosphere. 
After addition of bromine, the mixture was stirred at that temperature for 30 minutes. 
Then，5% sodium disulfite solution (5 mL) was added and the mixture was stirred for 
five minutes to remove the unreacted bromine. The resulting mixture was separated and 
the aqueous layer was extracted with chloroform (3x10 mL). The combined extracts 
were washed with water (2x5 mL), dried over magnesium sulfate and evaporated. The 
residue was purified by column chromatography on silica gel (30 g), eluted with n-
hexane and ethyl acetate (15:1) to give 5,6-dibromo-5,6-dihydro-10,ll-methano-li /-
benzo[5,6]cycloocta[ 1,2,3,4-Je/]fluorene-1,14-dione ( 8 5 ) (39 mg, 85%): mp 241-
244尤；% N M R 1 5.48-5.49 (d, 1H, 7 = 2.4 Hz), 6.00-6.01 (d, 1H, J = 2.4 Hz), 
7.41-8.40 (m, 8H); MS m/z 464 (M+). Anal. Calcd. for C 2 2 H 1 0 B r 2 O 2 : C, 56.69; H, 
2.16. Found: C, 56.91; H, 1.84. 
T h e M i x t u r e of 5 , 6 - D i b r o m o - 5 , 6 - d i h y d r o - 1 0 , 1 1 - m e t h a n o - l Z T -
benzo[5 ,6]cyc loocta[ 1,2,3,4-J^/]fIuorene-l ,14-dione and 5,5-Dibromo-
5 , 6 - d i h y d r o - 1 0 , l l - m e t h a n o - l H - b e n z o [ 5 , 6 ] c y c l o o c t a [ 1 , 2 , 3 , 4 -
^/]f luorene-l ,14-dione (86) 
To a refluxing solution of 5,6-dihydro-10,11 -methano-l/f-benzofS^Jcycloocta-
[1 ,2 ,3 ,4 -^ / ] f luorene-1 ,14-d ione ( 8 1 ) (100 mg, 0.32 mmol) in anhydrous carbon 
tetrachloride (50 mL), was added A^-bromosuccinimide (NBS) (282 mg, 1.6 mmol) and 
benzoyl peroxide (15 mg) by five portions in a period of five hours. After addition, the 
reaction mixture was heated to reflux for a further three hours, then cooled to room 
temperature. The mixture was evaporated and the residue was chromatographed on 
silica gel (50 g), using hexanes and ethyl acetate (15:1) as eluent. The dibromides 86 
were obtained as a mixture of steroisomers (101 mg, 68%): ^ NMR 5 3.98-4.04 (d, 
0 .7H, J= 15.2 Hz), 4.68-4.74 (d, 0 . 7 H，J : 15.2 Hz), 5.47-5.48 (d, 0.3H, J = 2.4 
Hz), 5 .99-6.00 (d, 0.3H，/== 2.4 Hz), 7.44-8.61 (m, 8H); MS m/z 464 (M+). Anal. 
Calcd. fo rC 2 2 H 1 0 Bi : 2 O 2 : C, 56.69; H, 2.16. Found: C, 56.08; H, 1.72. 
5 , 6 - D i d e h y d r o - 1 0 , l 1 - m e t h a n o - l j f f - b e n z o [ 5 , 6 ] c y c l o o c t a [ 1 , 2 , 3 , 4 -
7 8 
^/]f luorene-l ,14-dione (49) 
Method A 
To a solution of freshly sublimed potassium r-butoxide (34 mg, 0.3 mmol) in 
anhydrous tetrahydrofuran (5 mL) was added a solution of 5’6-dibromo-5，6-dihydro_ 
10，11-methano-1 丑-benzo[5，6]cydoocta[l，2，3，4-办/]fluorene-l，14-dione ( 8 5 ) (47 mg, 
0.1 mmol) in tetrahydrofuran (50 mL) at room temperature under nitrogen atmosphere. 
The reaction mixture was stirred at that temperature for 15 minutes, then water (10 mL) 
was added. The aqueous mixture was extracted with chloroform (5x100 mL) and the 
c o m b i n e d c h l o r o f o r m ext rac t s we re w a s h e d with wate r (2x20 mL), dried over 
m a g n e s i u m s u l f a t e and e v a p o r a t e d . T h e r e s i d u e w a s s e p a r a t e d by c o l u m n 
c h r o m a t o g r a p h y on s i l ica gel (70 g) e lu ted wi th c h l o r o f o r m . The e luent was 
concentrated to about 30 mL, to which absolute ethanol (10 mL) was added. The 
alcoholic chloroform solution was kept at 5 ° C for 10 days to precipitate 5,6-didehydro-
10’11-methano-1 丑-benzo[5，6]cycloocta[l，2，3，4-办/lfluorene-l，14-dione ( 4 9 ) (10 mg, 
35%) as a red solid: mp 321-323^； UV (CHC13) ^ m a x 220 (log e 4.10)，228 (4.18)， 
240 (4.63), 295 (4.51)，307 (4.64); N M R 5 6.87-6.91 (dd, 2 H , 7 = 1.3, 7 .5 Hz), 
7 .05-7 .11 (t, 2 H , J = 7.5，7.5 Hz) , 7 .38-7 .42 (dd, 2H, J= 1.3，7.5 Hz), 7.53 (s, 2H); 
M S m/z 304 (M + ) . Accurate mass m/z (M + ) calcd. for C 2 2 H 8 0 2 304.0524, found 
304 .0588 . 
Method B 
To a solution of freshly sublimed potassium r-butoxide (34 mg, 0.3 mmol) in 
anhydrous tetrahydrofuran (5 mL) was added the solution of the dibromides 8 6 (47 mg, 
0.1 mmol) in anhydrous tetrahydrofuran (50 mL) at room temperature under nitrogen 
atmosphere. The reaction mixture was stirred at that temperature for 15 minutes, then 
water (10 mL) was added. The aqueous mixture was extracted with chloroform (5x100 
mL) and the combined chloroform extracts were washed with water (2x20 mL), dried 
over m a g n e s i u m sul fa te and evaporated . The residue was separated by column 
c h r o m a t o g r a p h y on si l ica gel (100 g) eluted with ch lo ro form. The eluent was 
concentrated to about 30 mL, to which absolute ethanol (10 mL) was added. The 
7 9 
alcoholic chloroform solution was kept at 5SC for 10 days to precipitate 5，6-didehydr0_ 
10，ll-methano-l付-benzo[5，6]cycloocta[l，2，3，4-办/]fluorene-l，i4-dione ( 4 9 ) (10 mg, 
35%) as a red solid. The melting point and the spectral data were identical to an 
authentic sample, prepared in method A. 
1 - D i c y a n o m e t h y l e n e - 5 , 6 - d i h y d r 0 - 1 0 , 1 1 - m e t h a n o - l i y -
benzo[5，6]cycloocta[l，2，3，4-d^/]fluorene-14-one (91)112 
To a solution of 5 ,6-dihydro-10,11-methano-l / / -benzo[5,6]cycloocta[ l ,2 ,3 ,4-
^ / | f l u o r e n e - l , 1 4 - d i o n e ( 8 1 ) (120 mg, 0.39 mmol) in anhydrous chloroform (50 mL), 
was added ti tanium tetrachloride (1.0 g, 5 mmol) . To the resulting suspension was 
added dropwise a solution of malononitrile (528 mg, 8 mmol) and pyridine (1.3 mL，16 
mmol) in anhydrous chloroform (8 mL). The reaction mixture was stirred at room 
temperature for four hours under nitrogen, then poured into a mixture of crushed ice 
(150 g) and ch loroform (200 mL) . This mixture was stirred for 30 minutes, then 
separated. T h e aqueous solution was extracted with chloroform (3x100 mL). The 
organic layer and the extracts were combined and washed with 10% hydrochloric acid 
(3x10 mL) to remove pyridine, and the solution was dried over magnesium sulfate. 
Af ter evaporation of solvent, the residue was chromatographed on silica gel (60 g) with 
ch lo ro fo rm as e luent to give l -d icyanomethy lene -5 ,6 -d ihydro-10 , l 1 -methano-1/ / -
benzo[5 ,6 ]cyc looc ta [ l , 2 ,3 ,4 -^ / | f l uo rene -14-one ( 9 1 ) (41 mg, 30%) as a red solid: 
m p 264-267SC; lU N M R 8 2 .55-2 .62 (d, 2H, J= 11.8 Hz), 3 .39-3.49 (d, 2H, / = 1 1 J 
Hz) , 7 .27-7 .36 (m, 4H) , 7 .63-7 .70 (m, 2H), 8.41-8.55 (m, 2H); M S m/z 356 (M + ) . 
Anal . Calcd. for C 2 5 H 1 2 N 2 0 : C, 84.26; H, 3.39; N, 7.86. Accurate mass m/z (M+) 
calcd. for C 2 5 H 1 2 0 356.0950, found 356.0902. 
1 , 1 4 - B i s ( A ^ - C y a n o i m i n y l ) - 5 , 6 - d i h y d r o - 1 0 , 1 1 - m e t h a n o - l ^ T -
benzo[5 ,6]cycIoocta[ l ,2 ,3 ,4 -^ / ] f luorene (92)113 
5 , 6 - D i h y d r o - 1 0 , 1 1 - m e t h a n o - l / / - b e n z o [ 5 , 6 ] c y c l o o c t a [ 1 , 2 , 3 , 4 - ^ / ] f luorene-
80 
1,14-dione ( 8 1 ) (120 mg, 0.39 mmol) was dissolved in anhydrous chloroform (50 
mL). Titanium (IV) chloride (1.0 g, 5 mmol) and pyridine (1.3 mL, 16 mmol) were 
a d d e d d r o p w i s e , c a u s i n g t h e m i x t u r e to t u rn d a r k . T h e n N，N’-
bis(trimethylsnyl)carbodiimide (BTS) (1.1 g, 6 mmol) was added. The reaction mixture 
was stirred for four hours at ambient temperature under nitrogen atmosphere, then 
poured into a mixture of chloroform (100 mL) and crushed ice (150 g), and stirred 
vigorously for one hour. The organic layer was separated and the aqueous layer was 
extracted with chloroform (3x100 mL) . The organic layer and the extracts were 
combined, washed with 10% hydrochloric acid to (3x10 mL) and water (10 mL), and 
dried over magnesium sulfate. After removal of solvent, the residue was separated by 
column chromatography on silica gel (60 g) with chloroform as eluent to afford 1，14-
bis(iV-cyanoiminyl)-5，6-dihydro-10，ll-methano-li7-benzo[5，6]cycloocta[l，2，3，4-
^ / | f l u o r e n e - 1 4 - o n e ( 9 2 ) (73 mg, 55%) as a red solid: mp 2 8 5 - 2 8 9 ^ ; XH NMR 5 
2 .63-2 .71 (d, 2H, / = 11.9 Hz), 3 .42-3.54 (d, 2 H , 7 = 11.9 Hz), 7.37-7.44 (m, 4H), 
7 . 8 8 - 7 . 9 2 (m, 2 H ) , 8 . 6 0 - 8 . 6 3 (m，2H); M S m/z 356 (M+). Anal . Calcd . fo r 
C 2 4 H 1 2 N 4 : C，80.89; H, 3.39; N，15.72. Found: C, 80.14; H, 2.94; N, 15.42. 
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